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Urban transport is quintessential to the usability of urbanites; enabling the carrying out 
of activities in their daily lives. Due to its public nature, it should be inclusive enough 
to cater to all the members in society of diverse ages, abilities and sizes.  
 
With special concerns on embarkation and disembarkation of bus, this research project 
attempts to identify physical attributes of settings and devices that would not merely 
make provisions for access by the older persons who need facilitations but for other 
passengers as well. From the above exercise, the author hopes to find possible 
solutions for improvement in the design of buses.  
 
The collection, revision and evaluation of performance characteristics, including time 
and posture, allow for a better understanding of the real needs of users with diverse 
physical abilities. This research adopts four steps in the Environment Design 
Evaluation model; firstly, the understanding of the focal elements, secondly, their 
relationship, followed by the gathering and interpretations of data. Empirically, other 
than the use of Structured Interview (see Section 3.2.2), to collect people’s direct 
appraisals based on their experiences, Specimen Record (see Section 3.2.1) has been 
applied to yield data by which the passengers’ performances were measured and 
assessed.  
 
Passengers were interviewed during the intervals of recording. However, due to time 
constraints, merely 49 passengers were able to fully complete answering the questions. 
Based on observation of their habits, the 199 passengers can be classified into two 
categories; handrails users (N=83) and none handrails users (N=116). To study inter-
 viii
group differences in performance speed is the first concern in interpreting data, and the 
extents of influences by age groups, gender diversity, different modes of using the 
handrails and various gap situations are also discussed in studying the differences in 
users’ behaviors and the design of buses. It is observed that none of them make 
effective provisions for access by those passengers with physical limitations or with 
temporary loss of capability (carrying shopping bags or luggage). The proximity of 
some buses to the edge of the kerb when they move in is a compromise between 
passengers’ requirements and design limitations. Thus, a professional guidance is 
needed to train local drivers to manipulate buses towards the edge of kerb. Secondly, 
the postural angles qualified by Two-dimensional Photographic Posture Recording 
(see Section 3.2.1) are measured to assess postural load by comparing them to 
comfortable limits, which includes flexions of the trunk, the shoulder joint and the hip 
joint. Based on them, design features of physical settings and devices are discussed 
and addressed with the aids of computed simulations of human’s performances in 
given places.  
 
Technically, this research demonstrates the advantages of using various methods for 
verifying the results from each other. Even though direct feedback from users has a 
high degree of objectivity, there are some inherent limitations existing in the applied 
techniques, such as the limitations of user sample numbers, locations of the recordings, 
and the influence of individual experience to the interview. In spite of these limitations, 
the contributions of this research are in the proposal of possible avenues, by which 
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1. INTRODUCTION: 
1.1 Background:  
Early studies in the areas of “Senior-friendly” environment were focused on the 
internal layouts in or around buildings. With the current development of urban areas, 
greater demands have been placed on urban transportation. Generally, urban transport 
functions as “the methods people use to move into, within, and out of urban areas”. 
(Ward & Smith et al, 1997: 159) This clarification emphasizes that a friendly city 
should be an accessible and comfortable city where all the social groups are fully 
included in the mainstream of urban life. To meet with urbanites’ requirements on city 
transport has significant implications on increasing the usage of any barrier-free 
building or open public space. Keeping in views that an accessible and comfortable 
city should allow for the mobility of urban residents, particularly the disadvantaged, 
the quality of transport services was looked into for improving the current situations.  
 
Financial conditions still have great effects on the older persons’ choice of traveling 
means so that the taxi and special transport service may not be popularly accepted and 
commonly used due to their relatively high expenses. As one of public bus transports, 
travels by bus are common within the city. In general, past studies indicated that there 
were diverse factors that influenced the use of buses, and bus service planners 
summarized these factors into two key facets; firstly, the characteristics of the people 
who live in the surrounding areas, such as car ownership, income and age; secondly, 
the level of public transport provisions, such as the nearness of the bus stop, the 
frequency of the service and the usefulness of the destination. (Jones, 1984: 1-2) 
Simply speaking, to study the level of use has regarded as a cycle to investigate how 
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these factors affect people’s traveling behaviors, and afterwards to revise some of these 
factors, and finally to achieve ideal traveling performances.  
 
Compared to a normal person, the older persons have lesser capability to walk, to bend, 
to climb and to grasp. With reduced strength in the limbs, the older persons have 
difficulty in taking the steps of buses even with the aid of handrails. They also face the 
temporary loss of physical ability when they are carrying hand luggage in trips. 
Seriously, the increasing fear of worrying about falls will cause inconveniences to the 
older persons, and discourage them from frequent travels in their daily lives. Keeping 
these physical limitations in views, the study becomes necessary to evaluate how 
physical attributes of settings and devices affect the older passengers’ performances, as 
well as other disadvantageous, in embarkation and disembarkation from bus to bus 
shelter in realistic traffic conditions. With the objective to include the current and 
future older persons in the future use of bus service, this evaluative work is also 
helpful in working out adaptation measures to improve the physical features of bus 
entrances and exits.  
 
Entrances and exits are key elements that the evaluators generally consider for making 
bus trips taken by the people with limited capability such as the older persons as easily 
and comfortably as others. The speed of embarkation and disembarkation is one of 
primary contributive factors to the efficiency of bus service, which influences 
passengers’ subjective feelings on the use of buses. (Glumac & Petrovic, 2000) Recent 
studies indicated that, other than potential improvements of physical features 
associated to the design of buses, such elements also included the layout of bus stops, 
drivers’ skills, as well as drivers’ attitudes towards the older passengers when 
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embarking and disembarking. (Oxley& Mary, 1985; Petzäll, 1993; Caiaffa & Tyler, 
2001)  
 
Drivers will manipulate the bus more steadily if their skills are improved, which is 
beneficial to people with ambulant disablements such as the older persons. Moreover, 
relative study conducted by Caiaffa & Tyler (2000) in England indicated that, in local 
environment, passengers with physical limitations had more comfortable embarkation 
and disembarkation when the bus was embarked from or disembarked to the street 
kerb edge. In particular, to bring buses close to the kerb edge helped assure persons 
with fears or worries about falls of feeling able to use it. This study demonstrated that, 
to achieve a narrow gap, drivers should manipulate the bus along the configuration of 
the street kerb so that the bus could be stopped in precise horizontal and longitudinal 
alignments with the kerb edge. (Figure 1.1)  





Figure 1.1: Bus Manipulated Towards the Kerb Edge of the Bus Shelter, And the Horizontal and 
Vertical Gaps. Note the Location of the Bus, which is not in precise alignments with the kerb edge; 





Other than drivers’ skill to be improved, the measures from Caiaffa and Tyler’s studies 
also included to design bus stops with adequate length and suitable angle of parking-
free kerb2 associated to the nature of buses used. To do experiments by using test bus 
and test bus stop was the method to find out the suitable gap distance in realistic traffic 
conditions, and to try out the required length and angle of parking-free kerb associated 
to the quality of buses currently used in Singapore. Those lengths and angles were then 
compared and improved by a series of experimental studies until those dimensions 
became correct and feasible. However, the endeavor of improving such guidelines was 
be time-consuming and uneconomical due to the high costs of rebuilding bus stops and 
teaching the holistic number of drivers manipulative skills to achieve the suitable gap 
distance.  
 
Considering these limitations, it becomes very significant to firstly examine how the 
physical features of bus entrances and exits influence the use of bus service by the 
older persons, as well as others with mobility impairments. The point is that there have 
been local regulations3 on the design of vehicles, including public buses, for use by the 
older persons at the time of Caiaffa and Tyler’s study; however, there is a lack of such 
documents in Singapore. Along with the fast ageing population and their increasing 
requirements on city transport, there is higher significance of enhancing their 
capability to access bus service for trips taken for diverse daily activities.  
1.2 Research Aim: 
 
                                                 
2
 In Caiaffa’s and Tyler’s study, other than the length and angle of parking-free kerb, the recommended 
measures also include targeting a certain tactile surface of kerb with bright colors, indicating the 
position of embarking and disembarking points for guiding both bus drivers and passengers, in 
particular those with visual difficulty.    
3
 “The Public Service Vehicles Accessibility Regulations 2000 Guidance”, Department of the 
Environment, Transport and the Regions, see: http://www.mobility-unit.dtlr.gov.uk/psv2000.01.htm, 
11/02/2002.   
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The general aim of this research was to discuss and quantify the extents to which 
current physical settings for embarkation and disembarkation encourage or limit the 
use of bus transport by the disadvantageous users, such as the older persons. In it, both 
“subjective” and “objective” appraisals were gathered by interviewing the older 
passengers and observing their behaviors when embarking and disembarking buses. 
The decreased physical mobility due to wide gaps was also evaluated, in particular on 
the difficulty in embarking and disembarking the lowest step of entrances and exits 
from or to the street level. By applying established evaluation model, this research 
attempted to identify: 
• Understanding the characteristics of studying ageing-related change4 and using 
evaluation tools in addressing usability problems by the older persons, or by 
others with mobility impairments; 
• Addressing the problems or the degree of difficulties that the older persons may 
encounter when they are using bus services, in particular, issues related with 
embarkation and disembarkation; 
• Finding possible solutions to improve the ergonomic features of devices at 
entrances and exits, considering the differences in characteristics and 
performances of passengers with diverse physical capability, and comparing 
with the results from similar researches in other countries or areas. 
                                                 
4
 Due to great trait differences associated with ageing-related changes, human factors researchers 
established one branch of assessment method titled “ageing techniques”, which are concerned with those 
methods to study how ageing-related changes affect the senior persons’ physical capability to use any 
devices within environment. Laux (1995) categorized the basic questions that researchers are interested 
to answer into three types; firstly, what are the basic characteristics of older individuals and how these 
characteristics differ from that of younger individuals; secondly, how these changes limit the older 
persons’ ability to fulfill daily activities, and independently use any device within the environment; and 
finally, the most important question is “What type of design characteristics will enable the older persons 
to make an independent life.” Furthermore, Laux (1995) elaborated that, in general, the goal of studies 
on the first question is to establish data resources of characteristics of older persons, which allows for 
making decisions on design parameters. Secondly, the studies about the second and third questions 
include examination, selection and upgrade of the data resources so that the most supportive design 
parameters can be determined to achieve the best usage.  
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1.3 Research Process: 
Literature review was firstly conducted to understand the scope of this research, which 
included some related topics in transport planning, the perspectives in Universal 
Design concept (see Appendix 2) and the study of Ergonomics5. Literatures on ageing 
related changes were looked into, along with the observations on the real life behaviors 
of the older persons. One focal task of this phase was to identify the factors affecting 
the ease of access by people with physical limitations, and to categorize the ones that 
were closely related to physical attributes of accessible designs. The useful information 
from literature review is summarized in Chapter Two.  
 
Having understood the key factors, Chapter Three proceeds to review available data-
gathering tools. The research methodology is based on the Environment Design 
Evaluation model6, which considers the key steps in definition and analysis of any 
problem affecting the eventual use of physical settings and devices within the 
environment. By clearly defining relative relationships in focal problem and a larger 
system, Direct Observation (Specimen Record) and Questionnaire were in turn 
selected to gather passengers’ performances in real world situations, as well as their 
direct appraisals on the level of bus services, in particular the steps and the handrails. 
A pilot survey conducted with five persons indicated that some older persons were 
                                                 
5
 Ergonomics is a user-related scientific discipline. Historically, “human factors” and “ergonomic” were 
nearly synonymous and used in the international literature. However, there is difference between them. 
Human factors was always used to refer to cognitive design issues within the United States research 
system. Contrarily, ergonomic was regarded as physical design issues. While due to the rapid growth 
recently, that distinction has been weakened. Since the comparison between them to identify which term 
is more descriptive and useful is not available, it is hypothesized that these two terms are synonymous to 
describe human characteristics of whether physical or cognitive design issues. (Macleod, 1995) This 
discipline represents ways to look into the nature of the world, being characterized with more scientific 
inquiry to explore the nature of human body within environment for an eventual purpose of achieving 
the better correlation between humans and their surroundings, a holistic spectrum of people included. 
(Wickens & Hollands,  2000) 
6
 The four steps are to define the focal problem, to define a larger system, data gathering and finally data 
analysis, which will be specified in Chapter Three “Research Methodology” (see Section 3.1).  
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illiterate, thus their oral answers were out of the rating scales designed earlier. To 
reduce the likelihood of biased results, a Structured Interview was applied instead of 
using Questionnaire. In detail, specimen record was applied in Direct Observation to 
yield data whereby the speeds and postural angles of performances were measured and 
discussed. This chapter also includes the reviews of similar researches to further 
understand the methods of data collection in order to verify the results. 
 
Suggestions from ageing techniques were adopted in the selection and understanding 
of sampling population, and in the analysis of the data. It is said that comparative work 
is always drawn between younger and older users who have distinguished differences 
in physical capability, for the purpose of benefiting the older persons but not bringing 
inconvenience to their younger counterparts. Based on similar researches reviewed, 
performance speed was primarily used as a parameter to identify and compare the 
differences in diverse groups such as the younger and older users. In empirical 
recording, those passengers who were recorded using the handrails to facilitate their 
embarkation and disembarkation were singled out, and their performances were listed 
and discussed separately.  
 
The results are listed in Chapter Four “Data Analysis”, followed by further discussions 
on potential adaptation measures. Due to the difficulty of simultaneously proceeding 
recording and interview in real world, merely 49 passengers were both recorded and 
successfully interviewed, among which 34 passengers’ films were fully qualified in 
performance analyses. Thus, differences in age groups were not the focal concerns in 
comparisons. Instead, the difference in using handrails and not using handrails was 
emphasized in that the support of handrails was found to be necessary to the subjects 
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selected with limited capability affected by the negative influences of old age. From 
the videotapes recorded, a total of 199 passengers were selected for comparisons of 
performance speeds. This passenger group also included those ones with health 
problems on the legs or feet, and ones with temporarily decreased physical capability, 
eg., people carrying bags or luggage in hands. 7 The feedback of 49 interviewees on the 
step heights and the use of handrails were compared between age groups and gender 
groups. However, detailed discussions indicated that some older passengers underrated 
the level of difficulty because they were able to access the buses even if it was done 
with very slow movements. 
 
Other than these two types of diversities, much emphasis was placed on the 
comparisons of performance speed by discussing the differences in various situations 
at different bus types and gap distances. In this process, all the performance time was 
measured by the capturing of images at 0.25 second intervals, using “Adobe Premere”, 
and counting the number of pictures between any two actions indicated by the images. 
All the data were then entered into SPSS 11.5 for comparative analysis and computing8.  
 
An attempt to identify the extent of the postural load in current situations was made by 
comparing the measured angles to the comfort limits of body flexions. A computer 
aided ergonomic simulation program, CATIA, was applied to analyze static and 
                                                 
7
 In observation to define the focal problem, it has been found that, other than the influence of ageing 
related changes, another user group who usually rely on the handrails to embark and disembark includes 
those ones who carry bags or luggage in hands. Out of the passengers who do not use the handrails, 47 
are without bags while 69 passengers are with bags, the remaining 83 passengers are the ones who use 
the handrails. Among the passengers interviewed, 49 persons completed the interviews, while only 46 
passengers are both recorded and interviewed. 
8
 SPSS (Statistical Package for the Social Science) is “a comprehensive and flexible statistical analysis 
and data management system”. It is able to perform the tasks of taking data from various types of data 
and generating tabulated reports, charts and plots of distributions and trends, descriptive statistics and 
complex statistical analyses. (Norusis, 1993: Preface iii) The version applied is powerful in the personal 
computer environment. 
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dynamic postures while embarking and disembarking. By simulating these three-
dimensional postures, the tendencies of older persons stepping up and down and using 
handrails were assessed, from which possible improvements, in particular the 
improvements of design features were finally provided. 
 
The following chapter continues to present further discussions, based on the results 
from the research work what was done earlier. It attempts to address the great trait 
differences in passengers’ performances associated to decreased physical limitations 
by comparisons in performance time and assessments of postural angles recorded. 
Then, potential improvements of designed features are provided from observations and 
computer aided simulations. These results concentrate on two primary portions; firstly, 
the advantages and weaknesses of applied methods, and secondly the availability of 
data that may be useful to the users, designers and researchers respectively. Finally, 
this chapter summarizes all the useful findings throughout the research process. These 
findings also point to a wider scope for research, as well as possible avenues to do so. 














Figure 1.2: The Structure of This Research.  
Literature Review  
Methodology  
Data Analysis  
Discussion and 
Conclusion 
Environment Design Evaluation; 
 Specimen Record (Observation); 
 Structured Interview. 
 Feedback from Structure Interview; 
 Comparisons in Average Performance Time (SPSS); 
 Assessments of Postures; Computer Aided 
Simulations. 
 Verifying the Results from This Study; 
 Comparing with Results from Similar Researches; 
 The Advantages and Weakness of Applied Methods. 
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2. Literature Review: 
2.1 The Significance of Reviewing Transport Problems: To Create 
An Accessible City: 
A literature review was firstly conducted to acquaint one with the focal concerns and 
contents of this research, other than providing background information. The first 
concern has been highlighted in the objective of this study; embarkation and 
disembarkation in public bus system. Broadly speaking, the public transport is 
mobility provider, which is a means of removing barriers for urbanites to participate in 
mainstream activities that are beyond foot’s reach. (Segretain, 1996) Furthermore, 
Mattrisch (2000) stated that, as one of the critical issues, accessibility should be 
involved in future urban and metropolitan mobility strategies, which overstated 
improving the quality of service offered in order to satisfy the subjective feelings of 
passengers. As a common traffic means, it is of great significance to review the level 
of bus service for the purpose of removing any potential or existing barriers in the light 
of appropriate land use planning, design of timetable and layouts of vehicles and stops 
or terminals. (Mattrisch, 2000) 
 
Both bus characteristics and the performance of bus stop can influence the frequency 
and comfort of bus trips. In the perspective of land use planning, it is argued that bus 
or rail service will serve urban residents better if bus or rail stops are located near the 
places where major functions and activities, eg. shopping, jobs, school and recreation, 
take place. George (2000) suggested that, to increase the capacity of a bus stop, three 
conditions should be fulfilled; the existence of adequate physical space, easy access for 
passengers and good users’ behaviors. Since traffic adjustment measures could 
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enhance the usage of traffic services, eg. in the situations of traffic congestion, the 
elements of bus stops might basically decide its performance. The elements include the 
berth configuration, the use of berth, entry and exit discipline, bus size and doors 
configuration, fare collection method, driver’s discipline, and the regulation of bus 
operations. It has been observed that all the elements influence the speed and 
performance of entrances and exits of performance, thus are considered to better serve 
passengers’ embarkation and disembarkation. (George, 2000)  
 
With regard to the disadvantageous users within the city, an accessible building 
becomes of little use as it is not served by accessible public transportation. (Wilkoff & 
Abed, 1994) If inaccessible public transportations are common in trips within daily life, 
people with limited physical mobility may be bounded at home, and be isolated from 
the benefits of municipal facilities and amenities. A number of studies proved that 
there were strong interrelationships between the level of mental satisfaction, people’s 
well-being and the availability of transportation. (Spreitzer & Snyder, 1974; Cutler, 
1972, 1975) Similarly, availability of transportation is closely linked to the provision 
of easy access to community services and facilities, which are commonly used by the 
aged population. (Eliopoulos, 1987) In this sense, to create an accessible route within a 
city has significant implications to improve modern life quality of diverse urban 
residents, in particular, people with mobility impairments. It is thus necessary to give 
special cares and assistances in “removing barriers” to satisfy their mobile 
requirements within the city. 
2.2 The Definitions of Old Age:  
With the evaluator’s interest of bettering the environment for the older persons, this 
thesis stated to review the literatures relative to the ageing community. The sharp 
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increase of ageing population across the world has evoked considerable concerns on 
the living conditions of the older society. The betterment of the physical environment 
where the older persons are living plays a significant role to satisfy the quality of the 
older persons’ daily lives. Recently, with increasing understandings in the area of 
ageing process, the definition of the entry into old age becomes not unique. Some 
researchers argued to revise the “old” definition according to the recent changes in 
medical, social and financial situations.  
 
In the past studies or in governmental policy-makings, which required statistical 
clarification on the subject population, the age of sixty-five was long regarded as the 
entry to the old age. (Denton & Spencer, 2000) Some governments, such as UK, use 
the age of 65 as the standard retirement age and pension age for males, and the age of 
60 for females, which political decisions takes into considerations gender diversity. 
(Bond, Coleman, & Peace, 1993) Secondly, in the census of a holistic population, the 
age of sixty-five has been popularly used as the definition of old age with the purpose 
of executing the better international comparison. (Tan Mah Bow, 1999; Leow Bee 
Creok, 2001)  
 
Differently, in recent realistic studies, the definition of sixty-five is not unique. Denton 
& Spencer (2000) argued that the past “old” definition had problems because it was 
closely associated to people’s social age, which intensively considered the working 
patterns, in particular of the males. As a consequence, Denton & Spencer’s studies 
indicated that the working patterns had gradually changed so that they argued it was 
necessary to revise the “old” definition according to changes in medical and social 
conditions over a long period. (Denton & Spencer, 2000)  
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Thane (2000) addressed that, although appearance, family pattern and political 
decision were influencing the acknowledgement of ageing, the definition of old age 
might coexist with both chronological and functional definitions. In terms of physical 
functions, human engineers state that people experience age-related changes at 
different rates, thus functional age and chronological age are strongly correlated, but 
not totally synonymous. (Laux, 1995) Bond, Coleman and Peace (1993) argued that 
according to their studies, the actual retirement age was sometimes more than the age 
of 65, which was largely dependent on individual’s health conditions. However, some 
younger people suffered from physical deteriorations caused by past injuries or health 
problems at their forties. To design a research, two points are very important; firstly, to 
be aware of whether and how age affects some traits of the performances involved, and 
secondly, to be aware of what information is available.  
 
In the fields associated to the physical changes along with increasing age, researchers 
had varying definitions of old age. Laux (1995) suggested that the definition of “old 
age” should be determined by legislators or be primarily dependent on the focal 
interests of research task. This definition usually takes into considerations the 
chronological age and the functional age together. Literature reviews indicated that the 
age of sixty was usually used to define the old age in some medical documents or 
reports in Singapore, or in small-scale surveys done for communities, which typically 
concerned how to take care of the older persons with the physical deteriorations along 
with ageing process. (Chan Kin Ming & Yap Keng Bee et al, 1996) In addition, Thane 
(2000) defined those who were 75 and above as the “very old” people; and Baltes and 
Mayer et al (1999) concerned on the definition of “advanced old age”, or “old older” 
samples, to be those 85 years old and above. 
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As above addressed from the literature reviews, to achieve the better comparison in the 
ageing population between various countries, the summary of the population 
documents on Singapore Censor 2000 used the age of sixty-five as the definition of 
“old age”. However, with higher concerns on the physical capability along with ageing 
process, the following time study defined the age of sixty as the entry to the old age. 
Lim’s study (1996) indicated that there were 10.5 percent of older persons aged 60 
years and above had the experience of falls in the past one year. In spite of no 
clarifications that all the falls took place during daily trips, these resulting data 
provided preliminary proof that, at their sixties, local older people had largely 
decreased physical capability. Secondly, gender diversity was regarded as a 
contributive factor to the accessing time so that females’ physical deteriorations, 
compare to males, were considered. These understandings were equally helpful in 
addressing the focal problems and selecting the subjects involved.  
 
Other than those interviewees, a wider spectrum of sample population included 
passengers who were observed to encounter difficulties in embarkation and 
disembarkation, which definition was intensively based on the functional age. Laux 
(1995) emphasized two viewpoints for making research decisions on the sampling 
selection; firstly, if those questions about the use of the physical environment, eg., 
whether the step height is safe to the older persons, are interested in a research, the 
data collection can not merely include a single age group; secondly, it is equally 
significant to consider increasing diversities between each decade of age, focusing on 
how people who are currently young or middle-aged will perform when they are aged. 
Referring to these viewpoints, the sample population in the realistic recordings (see 
Section 3.3) included not only the older people, but also passengers with mobility 
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impairments, such as difficulties in taking steps and handle grips. It was emphasized 
that the recommendations or improvements from this study would be also useful to 
satisfy young or middle-aged when they become aged.   
2.3 Ageing Population in Singapore and Age-related Physical Changes: 
Singapore has one of the fastest aging populations in the world. For instance, Sweden 
took more than 85 years to double the number of older persons over 65 years old, but it 
has been predicted that Singapore will merely take 24 years to do so. According to 
Census of Population 2000, there were 237,626 persons above 65 years, and around 
forty percentages among them were persons above the age of 75. (Leow Bee Creok, 
2001) The number is expected to increase to 796,000 by 2030. In 2030, the aging 
population in Singapore will constitute 19 percent of the holistic population, whereas, 
the counterpart number in Sweden is 14 percent. (Tan Mah Bow, 1999) Moreover, due 
to the increase of Old Age Dependent Radio9, there will be lesser persons from the 
younger community to take care of the older ones who are having difficulties fulfilling 
daily activities. (see Appendix 1; Table 1.1, Table 1.2)  
 
The process of ageing is unpleasant because there are negative changes in functional 
capabilities. Compared to the younger people, health conditions of the older ones may 
deteriorate with problems such as lower resistance to diseases and vulnerability to 
fracture and so on. But, aging is not synonymous with being vulnerable. Modern 
theories argue that the older persons need to be respected and protected from 
prejudices and stigmatizations, which will lead to serious frustrations. As such, they 
may be more active to face their diminished physical capabilities, and participate in the 
mainstream of social life. (Bond & Coleman et al, 1993) (see Appendix 2) 
                                                 
9
 Old Age Dependency Radio is the ratio of persons aged 60 and above to those aged 15 to 59.  
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It is reported in medical findings that the risk of falls greatly increases while older 
people standing, walking and climbing steps or ramps, due to changes in human 
anatomy along with the aging process. In detail, the changes of four traits associated to 
physical balance, response time, strength and flexibility, and vision, increase the risk 
of falls that the older people face. Seriously, the medical conditions such as kyphosis, 
arthritis, bursitis10, and a loss of vertebral height due to compaction may cause slower 
movement and loss of strength and flexibility, and greatly limit their capability to 
quickly react in emergency and to keep balance. Deterioration of visual acuity and loss 
of other visual functions decrease their ability to judge how far away one object (eg. 
bus) is and the speed it moves with. In addition, the loss of hearing makes it difficult to 
understand speech against noisy background. (Laux, 1995; Chan & Yap et al, 1996) 
(see Appendix 1; Table 1.3) 
 
Also, falls are common problems to the older people in Singapore. It has been 
addressed that, in a local survey, there are 10.5 percent of older persons aged 60 years 
and above had the experience of falls in the past one year. (Lim, 1996) However, the 
survey did not report the situations or the places where the serious falls took place. 
With regard to embarkation and disembarkation in this study, the structured interview 
conducted on 49 random sample older passengers indicated that four of them had the 
experience of falls within buses, in particular, two with serious impairments caused by 
falls.  
 
                                                 
10
 The Medical Dictionary in 1997 explained Kyphosis as “a posterior curvature of the thoracic spine 
usually the result of a disease (lung disease, Paget's disease) or a congenital problem”, Arthritis as 
“Inflammation of the joints associated with Lyme disease, a bacterial disease spread by ticks”, and 
Bursitis as “Inflammation of a bursa, occasionally accompanied by a calcific deposit in the underlying 
supraspinatus tendon, the most common site is the subdeltoid bursa”. (The on-line medical dictionary: 
http://cancerweb.ncl.ac.uk/cgi-bin/omd?action=Home&query=, University of Newcastle upon Tyne) 
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The consequences of falls may be serious or even catastrophic for the older persons. It 
may cause serious fractures, paralysis or even death. Many of them cannot fully 
recover from such impairments, and so even small injuries easily lead to the loss of 
ability to independently complete daily activities. (Leary & Alton et al, 1996) A study 
done by Azar and Lawton (1964) in America indicated that fall was one of the main 
reasons that caused fractures (87 percent) and accidental deaths (65 percent) in the 
older population. Furthermore, among those older persons who fractured their hip from 
a fall, 50 to 70 percent died within one year after the fall, usually due to secondary 
complications.  
 
Moreover, Azar and Lawton’s study indicated that the psychological fear or worry 
about falls was very common in the older community. Thirty-six percent of older 
participants involved over 75 years old agreed that they had strong fear of falling, 
whether accidents really happened or not, such that they believed their mobility and 
independence were more or less limited. (Azar & Lawton, 1964) Thus, although the 
requirement and the likelihood of the older persons using public bus services largely 
increases with a fast ageing population, its real use may not be ideal for a great number 
of older persons with fears or worries about falls. In particular those very old may be 
unable to independently use the public bus service due to worrying about the 
catastrophic consequences of falls. 
 
Secondly, great losses of strength and flexibility directly influence people’s capability 
to perform any manual tasks such as handgrips. Ettinger (1990) reported that 
osteoarthritis caused significant loss of strength and flexibility, which was the leading 
cause of disability in people above 65 years old. Meanwhile, at least one third adults 
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had osteoarthritis in their forties when they were still young. (Laux, 1995) Thus, any 
device or physical setting in environments can be useful only when the older persons 
have the strength to operate or use it. Especially, it is necessary to provide appropriate 
handrails to facilitate the older persons in climbing steps, and to assure people with 
fears or worries about fallings of feeling that they are able to embark and disembark 
buses. 
 
Aging may become more complex process when the older people meet with combined 
problems together, such as dark vision, loss of hearing, postural instability, slower 
reaction time, loss of strength and flexibility at one time. More seriously, the problems 
may be compounded by gradual loss of cognitive capability. Thus, if the elements of 
buses and bus stops do not facilitate them in embarkation and disembarkation, the 
likelihood of the older persons using public bus service must largely decrease.  
2.4 Embarkation and Disembarkation: to Measure Inter-individual 
Differences of Performances: 
As addressed above, fear of height is common cause for falling and stumbling, as well 
as sudden accelerations and decelerations in embarkation and disembarkation. 
Literatures reviewed on a similar study in the field of social science in 1997 presented 
preliminary evidences to show how transport problems decreased the level of bus 
service to the older persons. According to its results, four of the five top problems 
were usually encountered around entrances and exits; “Bus steps too high / difficult to 
climb bus steps”, “Insufficient time to get seated after entering the bus”, “Fear and 
Reality of doors closing too soon” and “Validators difficult to use”. (Lim Su Fein, 
1997) (see Appendix 4) Although this study did not intend to use these data and 
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information for design purposes, some of them were valuable and would be used to 
help address and understand the focal problem identified in this research. 
 
Other than the problems addressed in above social study, there is a lack of studies, 
which deepen into the areas of finding how the settings’ ergonomic dimensions or 
features influence passengers’ behaviors, and finding ways to resolve these problems. 
The Code on Barrier-free Accessibility in Buildings issued in 1995 did not include 
public mass transport problems, other than the design of taxi stands, nor did it address 
areas of meeting with the needs of the ageing population. According to another 
document, the Road Traffic Rules (Motor Vehicles, Construction and Use) 11 currently 
used in general, the typical dimensions of entrances and exits of all the buses serving 
Singaporean are specified as follows, and as shown in the figure 2.1: 
( i ). the maximal dimensions of the first step height is 360 mm;  
( ii ). other inside step rises cannot be higher than 230 mm; 






Figure 2.1: The Typical Dimensions of Bus Entrances and Exits Specified in the Road Traffic 
Rules. 
It is reiterated that the objective of this research is to identify whether physical 
attributes of entrances and exits have symbolic values to make provisions for access by 
older Singaporean, and to provide the ways to improve these attributes. By literature 
                                                 
11
 According to the staff I interviewed, The Land Transport Authority states that the buses, which 











*There are no specifications on the dimensions and installation of handrails at the entrance and exit. 
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reviews, a method of organizing evaluation studies, Environmental Design Evaluation, 
was selected to guide this study, which application was elaborated in the following 
chapter “Research Methodology”. In undergoing this method, to clearly define the 
focal problem is the first concern of this method, which is followed by the designs of 
typical and useful techniques of data gathering and data discussion. It is said that 
observations and interviews are useful methods in defining the focal problem. 
(Friedmann & Zimring et al, 1978)  
 
In the model summarizing the attributes of system accessibility in general, the degree 
of usefulness of a design product is decided by two aspects; utility and usability. The 
term “utility” provides answers to what functionality the design can provide, while 
“usability” in common sense answers the question of how well users can use that 
functionality. (Nielsen, 1993) In modern theories, much emphasis has been recently 
placed on users’ responses to that functionality when empirical study is carried out, 
because inter-individual differences in physical capability may result in inter-
individual differences in reactions. The carrying out of real world observations is 
valuable in defining the problems encountered by certain user groups, and thus, one 




3. Research Methodology: 
3.1 The Benefits of Using Evaluation Techniques: 
Understandings of the factors affecting accessibility has undergone much changes as it 
is found that individual’s health condition is not the sole causal factor of barriers 
existing in environment. Instead, as addressed above, emphasis should be placed on 
improving external factors, such as environmental elements, with renewed efforts to 
increase the independence level of the older persons. Therefore, evaluation techniques 
will be developed with a conscious goal of design, in order to study how external 
factors, to influence people’s physical capability to use any device or equipment in the 
physical environment12. (see Appendix 2)  
 
In general, there are two types of benefits that researchers can obtain from using 
evaluation techniques. In terms of short-term benefits, evaluation work helps in quick 
identification of problems and possible solutions in facilities, to provide feedbacks or 
suggestions to improve space utilization, and to better understand the decision-making 
during design process or the consequences of design. (Preiser & Rabinowitz et al, 1988) 
Evaluations can be carried out after one design has been realized, in order to upgrade 
the data resource and to gradually modify the quality of designs, in particular, that will 
meet with the needs of universal use. Thus, during a long term, intended and recycled 
uses of the evaluations on the level of usage have significant implications on providing 
upgraded information by gradual upgrading of design databases, standards, criteria, 
                                                 
12
 Traditionally, environment has been designed towards the needs of normal persons with average 
abilities. Their anthropometric data has been pre-established, and designers hypothesize that these pre-
established data can meet with all the users’ real needs. Thus the design process is linear model. But this 
tradition has caused exclusion---excluding people with disabilities from equally using the designed 
environment. (Wilkoff & Abed, l994) (see Appendix 2) 
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and guidance literatures.13 In empirical study, an evaluation work can enter the design 
process at any level, before or after one design is realized. And the application of 
evaluation study can be recycled for investigating the correlation between the 
functionalities of one design product and the intended users’ responses until the 
correlation becomes satisfactory. (Sanders & McCormick et al, 1993; Wickens & 
Gordon et al, 1998) 
 
This evaluation study attempted to work out data and information for the improvement 
of entrances and exits of both existing and new public buses for facilitating passengers 
with limited capability such as the older persons in daily trips. The measures 
recommended should be realistic technically and economically so that the adaptations 
are possible to carry out on buses commonly used in Singapore.   
 
Both direct feedback and observations on passengers’ performances are helpful in 
addressing problems in the use of buses. Human Factors researchers find that the 
process of ageing affects nearly all the aspects of performance characteristics that this 
discipline has typically touched14. Moreover, comparisons between younger and older 
                                                 
13
 The benefits of applying this recycled design model, evaluation process included, are extracted from 
the unique technological efforts of applying Ergonomic Discipline, identified by the professional 
organization, the Human Factors and Ergonomic Society (HFES): for researchers, the professionals 
attempt to continually upgrade knowledge of human performance capabilities, limitations, and other 
characteristics to develop research technology, including specifications, guidelines, tools and methods; 
for practitioners, the knowledge will be applied in design, analysis, test and evaluation, standardization, 
or control of system to achieve the purpose of improving performance, health, safety, comfort, and 
quality of life. (Wesley E. Woodson, 1998: Introduction: xv-xvi) It emphasizes that ergonomic research 
is both basic and applied research. Additionally, Ergonomic Discipline is inter-disciplinarily developed. 
Fundamentally, Ergonomic Discipline functions as information channel to understand and try to model 
human behaviors. (Macleod, 1994;  Helander, 1997) Moreover, it represents ways to look into the nature 
of the world, being characterized with more scientific inquiry to explore the nature of human body 
within environment for an eventual purpose of achieving the better correlation between humans and 
their surroundings, a holistic spectrum of people included. (Wickens & Hollands,  2000) 
14
 Primarily, human factors research focuses on four aspects of people’s characteristics: “performance 
characteristics, especially those related to sensation, anthropometry, biomechanics and kinematics”, 
“intellectual characteristics, including perception, cognition, decision making, and memory”, 
“personality and attitudinal characteristics, including interest, fears, and beliefs” and “experience, 
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people’s performance are usually drawn to understand the ways of improving the 
environment designed for older people without bringing inconveniences to other user 
groups. (Laux, 1995) Other than age diversity, gender, diversities in ethnicity, social 
class, and occupation will impact influences on people’s physical capabilities to 
interact with physical environment. (Pheasant, 1986) 
 
In detail, the measuring of human performance includes examining four attributes of 
performances; measures of speed or time, measures of accuracy or error, measures of 
workload or capacity demands and measures of preference. It is emphasized that the 
selection of category for measuring depends on the real-world task and user 
environment, as well as the aspired results of applying evaluation tool. (Wickens & 
Hollands, 2000) With better understanding of the subject matter in the previous section, 
this chapter further elaborates one evaluation technique selected; the Environment 
Design Evaluation Approach. In this chapter, based on the information from reviewed 
literatures and direct observation above discussed, the focal problem is addressed, on 
which further discussions will be based, including the emphases placed on the 
application of this method and the techniques involved. 
3.2 The Environment Design Evaluation Approach: 
3.2.1 The Structure-Process Approach: 
Friedmann and Zimring, et al, (1978) stated that any element and relationship between 
them were able to be evaluated if it existed in the design process and had the potentials 
to reach a focused conclusion. They defined “evaluation approach” in 1978 as “an 
appraisal of the degree to which a designed setting satisfies and supports explicit and 
                                                                                                                                             
including education, training, and hands-on practice”. And human factors professionals regard that the 
ageing process may affect all these typical focuses. (Laux, 1995) 
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implicit human needs and values.” In general, the environment design evaluation 
approach is characterized by two features; its adoption of a structure-process 
approach15 and the need for a conscious goal of design.  
 
The structure factor indicates the way to establish a general scheme in order to 
conceptualize an evaluation research. The primary concern in its application is to 
group factors that an evaluation research will consider into five categories: Settings, 
Users, Proximate Environmental Context, Design Activity and Social-historical 
Context, in which Social-historical Context contains the four factors in front. In detail, 
this way to conceptualize the factors of an evaluation helps in organizing the 
knowledge on realistic conditions, establishing an effective model and leading to 
potential conclusions16. (Friedmann & Zimring et al, 1978) It has been emphasized that 
the aim of evaluating the processes involved in embarkation and disembarkation is to 
identify whether physical attributes of entrance and exit have “symbolic values to 
make provisions for access” by the older persons,  and to find the possible 
improvements to be made as well. (Figure 3.1) 
 
                                                 
15
 Two elements, a structure (the information needs) and a process (the evaluation process itself), affect 
on each other to form an evaluation research. (Friedmann & Zimring et al , 1978) 
16
 In detail, the Settings is the social and physical attributes of the designed project being evaluated, 
which is always concerned with “organizational goals and needs”, “organizational functions”, “relevant 
materials, structural elements, spaces, and design solutions”, “important ambient qualities”, “elements 
which have symbolic values for the various user groups”, “Provisions made for access by groups with 
special needs” and “conditions of the settings and of temporary elements”. And the Users, including the 
backgrounds, needs, and behaviors of the people who are involved with the setting, are divided into 
“perspectives, preferences, needs and attitudes”, “behavior in terms of individual and group activity 
patterns, social behavior, and behavior variation over time and space”, “individual characteristics”. 
Secondly, the Proximate Environmental Context includes the ambient qualities, land-use characteristics, 
and neighborhood qualities that surround the settings. And then the Design Activity, particularly by 
designers, regulatory agencies, clients and users, refers to “roles of participants including the decisions 
made by designers, clients, financier, user, and public officials”, “values, preference, and assumptions of 
the various actors, both about user behavior and about different aspects of settings”, “constraints that 
helps form the settings” and “post-construction modifications by user, managers or designers. Finally, a 
larger society, a Social-historical Context, contains all these four factors, which is “social and political 
trends which might affect the settings” and “historical changes in these trends, both in terms of the past 
and of the projected future”. The underlined words indicate how user’s behavior and performance affect 












Figure 3.1: The Factors that Form the Focal Problem in this Evaluation Study and the 
Simplification of their Relationships. 
 
There are four steps involved in the evaluation approach; (i) Define Focal Problem, (ii) 
Define Larger System, (iii) Design Methods and (iv) Gather Data and finally Analyze 
data. (Figure 3.2) (see Appendix 5) In designing a research approach, interrelated 
series of decisions, which lead to the research purpose, need to be developed. In this 
process, the purpose of evaluation is to help define the focal problem, from which one 
then derives methods for the gathering of information. The methods adopted in this 
evaluation technique have implications on the type of information gained and its 
application in further design projects.17 (Friedmann & Zimring et al, 1978) In short, a 






                                                 
17
 Eventually, Friedmann, Zimring & Zube summarize the contributions of using this evaluation 
technique into four categorizes: to supply knowledge of user needs, constraints, current wishes and 
about building codes etc; to upgrade design knowledge; to improve the usage or modify the completed 
design; and finally to renew pre-design programming. (Friedmann& Zimring et al, 1978: 21) It, 
therefore, reiterates the conscious goal of design of Environment Design Evaluation technique, and that 
designers may learn from their successes, mostly mistakes to improve the degree of usefulness of design 
products. 
Settings Users 
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Figure 3.2: The Conceptual Model of Evaluation Process, which is one component of the whole 
design cycle. (Friedmann & Zimring et al, 1978) 
 
Frienmann, Zimring and Zube (1978) emphasized that the purpose of using this 
evaluation tool was to provide useful, appropriate, concise, straightforward and clearly 
stated information, and then to put them in the design cycle where they could be. An 
evaluation process can be carried out in 5 stages; Direct Observation, Interview, 
Unobstrusive Measures, Simulation and Pencil-and-paper Tests. (see Appendix 5) 
Among them, Direct Observation, Interview and Pencil-and-paper Tests (questionnaire) 
have been the commonly used methods for data-gathering in practice. (Bechtel, 1975) 
3.2.2 The Focal Problem and Larger System: 
Besides reviewing documents and literatures, direct observations on performances at 
bus stops and conversations with the older persons and social workers also helped in 
addressing the focal problem of this research. The participants interviewed and 
observed were primarily the older persons randomly met at bus stops or interchanges 
in Clementi, Orchard and Red Hill areas in Singapore between October 2001 and 
January 2002; mostly within the time from 10 am to 4 pm when the older persons get 
concession rates. A new ticketing system, using the sensors, has taken the place of 
Define Focal Problems 
Define Larger System 




validator since December in 2002. It is said to be more feasible and convenient to 
passengers due to its automation. 
 
In natural conversations, many older passengers complained that the bus did not draw 
up close to the pavement enough. Feedback included comments like “I will go down 
the street first, and then go on the bus…Sometimes the first step is too high for me;” or 
“I have difficulty getting down the high steps.” It is apparent that the older persons are 
more comfortable when they can easily stride over a narrow gap. Moreover, the 
situation of “Direct Access” is more beneficial because the height of the lowest step 
can be greatly lowered, particularly for those passengers who are suffering from joint 











Figure 3.3: Two Scenarios of “Direct Access” and “Indirect Access” Caused by the Gap Width; 
the same terms are applied in discussing the differences in performances when disembarking. 
 
The problems concerned with current usage of the handrails are also addressed in this 
section. In field observation it was found that the handrails were necessarily used to 
support the older passengers to better fulfill performance when they were striding over 
a wide gap or climbing very steep steps. (Figure 3.4) However, using incorrectly 
installed handrails may distort human’s body or reduce passengers’ abilities to keep 
                                                 
18
 The Medical Dictionary in 1997 explained Paralysis as “Loss or impairment of motor function in a 
part due to lesion of the neural or muscular mechanism, also by analogy, impairment of sensory function 
(sensory paralysis), and Poliomyelitis as “An acute viral disease, occurring sporadically and in 
epidemics and characterised clinically by fever, sore throat, headache and vomiting, often with stiffness 
of the neck and back. In the minor illness these may be the only symptoms”. (The on-line medical 
dictionary: http://cancerweb.ncl.ac.uk/cgi-bin/omd?action=Home&query=, University of Newcastle 
upon Tyne.) 
The “Indirect Access”: The “Direct Access”: 
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balance when emergencies occur. The protrusions may also hurt the older passengers. 
(Harber & Mace et al, 1993) As a consequence, the older passengers may move even 
slower and more cautiously to protect themselves from serious injuries, which 
enhances the significance of evaluating the use of handrails by the older passengers. 
Feedbacks from users highlighted other problems such as “Difficulty of seeing where 
people are going while traveling”, “Fear of falling within the bus when getting up to 
ring the bell or reaching the exit before it stops” and “Illiteracy in English and having 
difficulties in understanding direction board”. 
 
As above addressed, physical attributes of entrances and exits that this evaluative work 
took into consideration were grouped into five categories; (i) the height and size of 
steps, (ii) the use of handrails, (iii) the gap between the first step and the edge of kerb, 
(iv) the height of the kerb and finally, (v) other problems (the use of sensors). (Figure 
3.3) Other than the physical attributes of design, passengers’ characteristics were also 
discussed to understand the differences between passengers with mobility impairments, 
such as the older persons, and passengers with average capability, which were 
suggested in the larger system. 
                                            
                                                 
Figure 3.4: One Instance of Describing Scenario Settings: The Handrails, the Entrance Step, the 
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The larger system contains the factors that form the focal problem of one study. It also 
highlights external factors that have direct or indirect influences on those factors that 
form the focal problem. (Friedmann & Zimring et al, 1978) The renewed relationship 
between users and designers in the concept of “Universal Design” (see Appendix 2) is 
highly recognized to indicate social respects to the older community, and to encourage 
their active participation into various social activities. Moreover, due to low car 
ownership and low financial support, the older persons in Singapore are assumed to 
have a high preference for using public transport, which in turn increases the need of 













Figure 3.5: The Model to Indicate the Relationship of those Factors in Focal System and Larger 
System. 
 
The larger system also highly recognizes the importance of improving the drivers’ skill 
and attitudes in order to assist in safe and easy embarkation and disembarkation, which 
are not included in the focal problem of this study. According to the documents19 and 
literatures reviewed on similar studies, it was reported that, other than design-centered 
problems, trained drivers should improve their operational level of acceleration and 
                                                 
19
 Reports on design programs, working drawings, institutional records such as employee absenteeism 
rates, requests for transfer, and production figures, or some public documents, such as magazines, 
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deceleration of driving so as to reduce the risk of falls, as well as to reduce the 
horizontal gap to stride over. 20 (Caiaffa & Tyler, 2001) The considerate act of a driver 
to start the bus until all passengers are seated reduces the fear of falls, and assures 
those passengers with such fears of feeling safe and easy. However, in Singapore, no 
reports reviewed the level of physical attributes of entrances and exits meeting with 
various users’ needs. Without this database, it is difficult to assert that the likelihood of 
the older persons using public bus service will increase if the drivers are trained. 
 
Meanwhile, the larger system brings clarity to better understand the way that the social 
characteristics of user groups affect the quality of evaluation work, in determining the 
effectiveness of applied methods and verifying the validity of the resulting information. 
Because the older persons received relative lower educational attainment, they 
possibly are not accustomed to be questioned in written type. And their loss of 
cognitive capabilities makes it difficult to answer complicated questions with 
confusing words. (see Appendix 1, 3) 
3.3 The Design of Data Collection and Analysis Methods: 
A clear definition of focal problem is helpful in the design of typical information-
gathering and analysis methods. Based on one experimental study on bus use, the 
situation of gaps and the usage of steps were assessed by recording and measuring the 
performance speeds of defined passenger groups. (Oxley & Benwell, 1985) (see 
                                                 
20
 After ergonomic features have been concerned, it is followed to improve the operational level of 
acceleration and deceleration of driving. One experimental study in England in 2001 indicated that 
through professional trainings, the drivers grasped the skills of aligning buses towards the kerbside so as 
to narrow the gap. But the effectiveness of improving operational level still largely depends on friendly 
features of bus design. It reported that, when the length of berth is prolonged to 44m, around a 50 mm 
horizontal gap is eventually obtained. But if the length of berth is reduced to 37 m, the horizontal gap 
will be enlarged to around 200 mm. One experimental group even realized the probability of the 
wheelchair users’ access to lower-deck buses if the gap is narrow enough. (Caiaffa & Tyler, 2001) 
Additionally, the nearness of the bus stop, the frequency of bus service, and the usefulness of the 
destination are equally relative to the degree of the public transport usability in the level of public 
transport provision. (Jones, 1984) 
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Appendix 4) It was recommended that mixed methods consisting of both qualitative 
and quantitative methods should be used for the purpose of obtaining verified resulting 
data and information. Videotape recoding is useful in providing databases for both 
qualitative and quantitative methods. Friedmann & Zimring (1978) emphasized that 
the application of Specimen Record method (see Appendix 5) attempted to record all 
activities within specific time or at specific place so that the resulting data had a higher 
level of objectivity.  
 
Due to its results to be easily compared, the questionnaire was designed during the 
preliminary phase, in order to gather the older passengers’ direct appraisals on the step 
heights and the use of handrails. Compared to the Specimen Record, to interview 
passengers is more effective method to understand passengers’ reactions to the use of 
new ticketing system, the sensor taking the place of the validator. It is difficult to fix a 
video camera within the limited space at the entrance and the exit of buses. The 
process involved in the application of the Environment Design Evaluation model is 
presented in figure 3.6. According to this elaboration of research process, the target 



















































*The preliminary choice of techniques for collecting users’ feedback is questionaire. However, 
after the pilot survey with five older persons, interview techniques take the place of questionnaire 
techniques due to the questiobale validity of data collected in the pilot study. (see Section 3.2.2) 
 
Figure 3.6: The Applied Model based on Conceptual Model of Environment Design Evaluation.  
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3.3.1 The Specimen Record: The Two-dimensional Photographic 
Posture Recording: 
Behaviors of users at embarkation and disembarkation were observed at bus stops. As 
people’s behaviors could not be fully recorded within the limited space at the entrance 
and exit, the camera was located at the bus stop instead. The eventual use of 
videotapes was to discuss the performance speeds and postures of defined passenger 
groups. The posture is a three-dimensional phenomenon. However, due to manpower 
limitations, two-dimensional recording was executed by using only one camera 
recorded by the evaluator. The use of this technique took into consideration the 
positions of the camera in order to minimize the perspective errors.  
 
The guidelines of using two-dimensional photographic posture recording method21 
were emphasized to yield data, by which the postures were finally assessed. This 
method yielded flat images by ignoring one dimension. One study on its validity 
summarized several guidelines to reduce the perspective errors in using two-
dimensional magnitude for measuring a posture. (Paul & Douwes, 1993) 
1. “Minimize the rotational angle by keeping the optical axis perpendicular to the 
(average) posture angle plane (β1, β2 shown in Figure 3.9); 
2. Maximize the distance between the camera and the body segment(s) of interest 
(d1, d2, d3) ; 
3. Minimize the (average) distance in the photographic plane between the optical 
axis and the body segment(s) of interest (d4); 
                                                 
21
 Compared to three-dimensional posture recording, two-dimensional recording is advantageous if the 
budget, time or expertise to use advanced requirements are not available. It attempts to describe and 
measure a posture with two-dimensional magnitude, and to reasonably eliminate the perspective errors 
for one dimension is ignored (A posture occurs in three-dimensional phenomenon). (Paul & Douwes, 
1993) 
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4. Do not fill the total image with the object of interest22. 
(Paul & Douwes, 1993) 
 
The bus stop in real recording is the type of street kerbside stop, which consists of the 
bus stop itself, parking area and a curved track to guide buses in and out. This stop, 
numbered “B15 Tiong Bahru Road”, is located at Tiong Bahru Road, facing the Red 
Hill MRT station. (Figure 3.7; 3.8) The idea was that there was higher probability of 
meeting and recording the older persons during trips taken for various activities 
without common obstructions of crowding pedestrian flows between the lens and the 
subjects. Red Hill District is one of the residential areas in Singapore, which has a high 
density of older residents. This area is not surrounded by commercial areas, but 
neighbored by several senior centers for day care, activity and recreation. During the 
time for recording and interview, some older persons passed by to swap buses to 
Alexandra Hospital or Hua Mei Care Management Service, which is one of the 
branches under TSAO Foundation, reachable within a ten-minute ride. (Figure 3.7)  
                           
                                                 
22
 Paul & Douwes (1993) explained several important terminology: “Body segment: Segment of the 
body, defined as a line through two markers along the length axis of that segment; Postural Angle Place: 
Plane through the body segment and the line of gravity; Rotation Angle, β: Angle between the postural 
angle plane and the photographic plane; Photographic plane: Plane of the camera on which the image is 
projected; Optical axis: Line through the optical center of the camera and perpendicular to the 
photographic plane.”  
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Figure 3.7: The Site Map for the Bus Stop Observed and Its Neighboring Areas23. 
 
 
                     
Figure 3.8: The Image of The Street Kerbside Type of Bus stop. 
                                                 
23
 The site map comes from the Streetdirectory website, which provides interactive maps of many 
countries, including Singapore, http://www.street-directory.com.au/map.cgi?file=street/sporesearch.htm, 
searching for landmark; Alexandra Hospital, or Red Hill MRT Station.   
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In practical recording, the only used video camera was installed in three locations; at 
both ends and the middle point of the bus stop respectively according to the parking 
areas of buses. In reality, the parking area (Point A) usually varied because at any bus 
stop in Singapore there were no distinguished symbols that could guide the drivers 
when manipulating buses for aligning against the kerb side. For this reason, passenger 
flows were randomly mobile in response to the buses’ movements. Therefore, the 
camera was not usually located at fixed points, but was sometimes carried by the 
evaluator to move around and to be positioned at the points indicated with B, C and D 
to avoid visual obstructions.  
 
Three 45 Deg. oriented seats are compactly placed under the shelter according to the 
design of the red hill bus stop. Positions B and C were on the pavement in front of the 
bus stop for avoiding visual obstruction by the structural columns or advertisement 
boxes. Alternatively, the camera was located at Position D when the passenger flow 
occupied the pavement, while waiting to embark. (Figure 3.9) At positions B, C and D, 
the direction and positions of camera were modified according to onsite situations at 









Figure 3.9: The Locations of Recorder and Projecting Directions of Using Two-dimensional 
Photographic Posture Recording Method. 
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The data yielded from the videotapes recorded at three typical positions were validated 
according to the results of the validity study understood in the beginning of this section. 
Commonly, the evaluator tried to record those passengers from the side, when they 
were standing with the body nearly perpendicular to the photographic plane so as to 
record the postures of the thigh and the upper arm. By reading the regulations for 
correcting perspective errors, the perspective error in this situation for the thigh, upper 
arm and trunk are rather small, i. e. < 5°, and can be acceptable. The study also stated 
that perspective errors due to lens characteristics were small with a camera-to-subject 
distance of 4.5 m. (Paul & Douwes, 1993) Therefore, position B was the most ideal 
position to yield data for posture assessment. (Figure 3.10) Another application of the 
films taped at the three locations was to record and calculate passengers’ performance 













Figure 3.10: Recording of the Posture Angles of Boarding and Alighting through Two-
dimensional Photographic Posture Recording Method. 
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Due to availability of locations for effective recording at the bus stop, the recording 
was more easily controlled and improved. However, it was necessary to make 
decisions on which point the evaluator should focus to catch films when two or more 
buses were simultaneously drawn up close to pavements at bus stop during peak 
periods. Therefore, field notes24 were recorded to supplement the Specimen Record. It 
particularly described the sampling of passenger to be the ones who had slow 
movements (including those who have fears or worries about falling), the ones who 
had ambulant disablements and were dependent on the usage of handrails or use 
walking aids or personal help, as well as the ones with handbags or luggage.  
3.3.2 The Structured Interview and the Change from Questionnaire 
to Interview:  
Considering the linguistic difficulties that some older persons encounter, it is 
imperative to conduct test survey for the purpose of improving the validity of the data 
or information. A pilot study was conducted near Clementi Bus Interchange with four 
older subjects and another female employed in National University of Singapore. 
Clementi Bus Interchange has open spaces for walks, gathering, or the holding of 
recreation activities for the older persons. Four older persons (two males and two 
females) were randomly selected to complete the questionnaire. All of them could read 
neither Chinese nor English, but indicated high interests in answering the questionnaire. 
In practice, the evaluator orally questioned each respondent and then noted down his or 
her answer; and the time for each person questioned was around half an hour. (The 
content and development of questionnaire are seen in Appendix 7.) 
 
                                                 
24
 Using field notes allows the evaluator to select occasions for a defined recording of all the 
performances and behaviors during the specific period. (Bechtel, 1975) 
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The pilot study indicated that the validity of data collected by questionnaire was 
questionable. When the questionnaire was orally presented, the older persons preferred 
to use their own words to evaluate instead of using the designed multiple-point rating 
scales (see Appendix 7). “Ok”, “All right” or “Not bad” were the most frequent 
evaluations. It was difficult to determine to which rating scale these wordings could be 
equal according to the design of the questionnaire. In addition, it was found that at 
least a half hour was needed to execute the questionnaire, however, the time was 
unavailable during the course of traveling by buses.  
 
Alternatively, structured interview was finally used as data-gathering tool. The 
applied type is the checklist-type technique, in which the key words are firstly listed 
for each question, and the wording of the question is left to the evaluators’ discretion 
during the course of interviews. The checklist involved two categories of information; 
the Characteristics of respondents and the Key Words for each Question. (see 
Appendix 8) The significance of collecting basic information of interviewees was to 
help in investigating the correlations between old age and people’s appraisals, thus 
leading to reliable conclusions associated to the research aim.  
 
This method is similar with what is done in “Walking-through Interview” 25, in which 
the consequences of past designs will be examined by carefully observing users’ 
resulting performances and collecting their feedbacks afterwards. The field notes 
                                                 
25
 Walk-through interview is one of the commonly used methods when Post Occupancy Evaluation is 
conducted. The purpose of POE method is to offer information or suggestions on environment 
improvement through examining the consequence and resulting performances of past design 
considerations in built environment. (Preiser & Rabinowitz et al, 1988) The critical idea of this method 
is “examining the consequence and resulting performances of past design considerations in built 
environment”, and hence “walk-through” should be useful means for evaluation and examination. 
According to Zimring, walk-through interview is advantageous to collect data and information. It 
applies open-ended questions to obtain the participants’ reactions to the environment after they walk 
through or use it. Low cost makes it suitable for small-scale researches; while on the other hand, it needs 
to establish a database to develop its comparability. (Zimring, 1990) 
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recorded for the sample selection observed was equally helpful in selecting samples 
for interview. (Figure 3.11) However, there was little probability of the evaluator 
oneself interviewing each passenger with the characteristics described in the field 
notes during the recordings. Those passengers who swapped buses had more time, 
thus indicated higher interests to be interviewed.  
 
The videotapes recorded were then used to verify the reliability of the interviewee’s 
responses. Each recording was carried out during 10:30 am to 1:00 pm, when the 
older persons had concession ticket and the passengers were not crowding. In order to 
better manage the data and information collected, in particular to make notes on the 
persons who were both recorded and interviewed, a new recording would be only 








Figure 3.11: Several Examples of the Interviewees Selected: From the left side, they are: One 
Elderly Female who is carrying a big bag and very dependent on the assistance of handrails, Two 
Elderly Males who seem physically active; Two Elderly Males who have physical limitations and 
must use walking aids (one has very weak legs and the other has faint eyesight), and One Elderly 
Female who must support and raise her body with help of the handrails.  
 
3.3.3 Comparative Study: 
3.3.3.1 Data Entry and Interpretation: 
Both specimen record and structured interview were carried out between August 2002 
and September 2002. In real recording, there was difficulty in conducting the interview 
when the passengers were only available for short period while they were waiting for 
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buses. Of 54 passengers who were interviewed, 47 passengers (87 percent) passed by 
to swap buses. During the process of recording the difficulty increased in deciding the 
value of taping other passenger groups, by which the performances could be compared. 
By observations, the use of the field notes excluded the passengers with average 
capability, who were primarily the passengers without the requirement of using the 
handrails. Then, the images of the taped recordings were used to measure performance 
time and postural angles, by which the differences in performances of various groups 
were discussed and physical attributes of settings were assessed.  
 
The first concern of measuring performance time was to divide the performances into 
uniform segments so that the results of the comparisons could be generated. The 
measured segments of embarkation were divided into the time from the kerbside to the 
lowest entrance step, from the lowest step to second step (if there is any), and from the 
second step to the third step (if there is any). If “Indirect Access” scenario occurred 
(see Figure 3.3), the time taken for one stride was divided into the time from the 
kerbside to the road and then from the road to the first step. In further discussion, this 
study intensively took into consideration the time from the kerb or road to the lowest 
step of bus entrances or exits because the times for this segment were available when 
the recorder was only installed at the bus stop. (see Section 4.2.1) There were three 
types of buses recorded. The bus types observed and the subjects studied are 
elaborated in the following chapter “Data Analysis”. 
 
The original tapes recorded continuous sceneries in real traffic conditions. With the 
help of the multi-media instrument, Adobe Premere26, the original tapes were edited to 
                                                 
26
 Simply speaking, Adobe Premere 6.0 is a multi-media applied instrument that is used on computer to 
make up movies or edit the images or films, in which the time may be exactly measured and calculated. 
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produce a sequence of photos through reframing the films according to confined time 
intervals. The photos at every 0.25 second were singled out, thus, the time intervals 
between any defined time points were easily and clearly measured through counting of 
the number of photos. The following figure indicates one example of measuring the 
performance time for one female passenger with handrails’ support. For instance, in 
this figure the time interval is shown at 0.5 second, and the action of the female 
disembarking from the kerb edge to the road level lasts three time intervals. Thus, her 
performance time was recorded as 1.5 second at “From the kerb to the road”. (Figure 
3.12) 
 
Figure 3.12: The Use of adobe premere for Catching Pictures for Measuring Performance Time of 
Elderly Female Passengers (the pictures are shown in every 0.5 second.). 
 
The taped films from Two dimensional Photographic Posture Recording method 
observed the realistic traffic conditions of embarkation and disembarkation, from 
which the postures were analyzed and evaluated; however, there were some limitations 
in the quantitative descriptions of the postural angles. In the field observations, it was 
not possible to attach the markers on passenger’s body before the execution of the 
observations because they were randomly singled out; therefore, the positions of 
 From the kerb to the road From the road to the first step 
1.5 seconds 2.5 seconds 
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flexible joints were determined merely by visual observation on the flat images27. 
Secondly, various postures in real world conditions are more complex than that, which 
occur in experimental conditions. Some data were not available due to visual 
obstructions by passengers’ luggage, or in any sudden conditions, which were beyond 
one’s control at the moment. For the postural study, the optimal data were determined 
by the measuring of the angles of shoulder joint and hip joint. 
 
In this research, the critical angles include the flexion (ą) of the spine to pull the 
physical body forward and downward, the flexion of the shoulder joint (β) to grip 
handrails, and the flexion of the hip joint (ƒ) to climb step. There is an instance of 
measuring the postural angles shown in the following figure. Keeping those technical 
difficulties highlighted in views, the validity of the postural angles measured from this 
figure decreased. In particular, the postural angle of the trunk flexion (ą) has the lowest 
validity, compared to other two angles (β, ƒ). (Figure 3.13) It was hypothesized that, 
considering the perspective error, the magnitudes of some angles increased and the 
magnitudes of others reduced. Thus, the calculations of the postural angles provided a 
range of variables, from which whether the majority of passengers had comfortable 
postures or not was determined. If the magnitude of each angle was within an 
acceptable range, drawing the dispersions of the postural angles of the typical samples 
selected was still helpful in identifying the extent to which the physical attributes of 
settings would distort the body of some passengers who require safe and comfortable 
supports.  
                                                 
27
 In the Two-dimensional Photographic Posture Description, the discussion on postural angle is 
facilitated by putting body reference points by markers, which are usually marked at flexible joints. The 
body segments are defined using a straight line connecting any two markers, and the postural angle is 
defined as the angle between the straight line and line of central gravity. (Paul & Douwes, 1993) 
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Figure 3.13: Measuring the Postural Angles of One Female Passenger (ą, β, ƒ).  
 
Importantly, in order to increase the validity of assessments on postures, computed 
simulations, based on the realistic postures recorded, were carried out with the 
objective of better understanding the performances of the older persons interacting 
with given places, in particular including steps and handrails. And based on the 
distributions of the typical postural angles for various body segments recorded, the 
flexions of the thigh and the upper arm were intensively assessed in the simulations of 
fulfilling diverse performance tasks of embarkation and disembarkation at given 
entrances and exists.  
3.3.3.2 Comparison of Performance Speed: 
In the visual images recorded, various performances were observed and examined, 
primarily including passengers who used handrails, passengers carrying handbags or 
luggage, and passengers with very slow movements. By respectively examining the 
performance speeds of these groups, it was found that the mean time differences 
between passengers using and not using handrails were greater than that between other 
types of diversities. (see Section 4.2.2) By time study, the impact on the degree of 







reliance on handrails, due to the differences in age, gender, diverse performances and 
bus types, were assessed, statistical results of which were computed by Statistical 
Package for the Social Science (SPSS).28 One critical job of using this system was to 
achieve the statistical significance of the resulting data analysis, in particular the 
differences in mean time, by applying Independent-Samples T Test. The evaluated 
environmental factors included the difference between “Embarkation” and 
“Disembarkation”, different gap situations such as “Direct Access” and “Indirect 
Access” and various step heights. The important hypothesis from the time study was 
that the accessing time would become longer for the older passengers with serious 
physical limitations. Moreover, compared to an average person, the older persons 
require greater assistance to embark and disembark. Therefore, it is important to 
identify the situation, in which the passenger needs the strongest assistance, and to 
identify the extent to which the performances of users with handrails’ support are 
different from those without support. 
 
There were two levels of comparisons carried out with the aim of explaining and 
identifying how those diversities to affect the performance speed of passengers with 
limited capability. With preliminary recognitions on the time differences between 
handrail users and none handrail users, the comparative work was aspired to explode 
the differences in physical capability between age groups. Its second level, which was 
primarily conducted between the passenger groups who were seen to use handrails and 
who not to use handrails, reflected inter-group differences in diverse performances 
such as “Embarkation” and “Disembarkation”, then various step heights in different 
                                                 
28
 “SPSS is a comprehensive and flexible statistical analysis and data management system, which is 
fully powerful in personal computer environment. It takes data from almost any type of file and uses 
them to generate tabulated reports, charts and plots of distributions and trends, descriptive statistics, and 
complex statistical analysis.” (Norusis, 1993: Preface, iii)  
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gap situations that are “Direct Access” and “Indirect Access”, as well as in human 
diversity (gender). Both the data management and the comparison were completed by 
computing Independent-Samples T Test using SPSS.  
 
Independent-Samples T Test was computed for comparisons in average performance 
time in each pair of data groups. Independent-Samples T Test by SPSS is one type of 
two-samples T Test defined by statistical discipline. “Independent samples are those in 
which the cases that make up one sample do not determine the cases that make up 
other samples.” (Argyrous, 1996: 287) The sample populations used in this study were 
selected from a random specimen recording in realistic traffic conditions so that 
passengers within one sample group did not determine passengers who made up other 
groups compared.  
 
The use of Independent-Samples T Test is based on one test result that the null 
hypothesis between the two evaluated groups is incorrect. Before the calculation of 
mean differences, the process of calculation builds up a sampling distribution of the 
difference between two means. Then by using this distribution, the probability of 
getting means difference from sample populations, which is statistically significant, 
can be decided. If the probability is printed as p > 0.05, the differences in mean times 
tested are statistically subtle and not significant, which means that the tested subjects 
come from the same population. This is called as “null hypothesis”. (Argyrous, 1996) 
With regard to this study, “no significance” means that there is no difference in the 
degree of difficulty caused by the tested physical features, eg., step heights. The mean 
differences and hypothesis tests were automatically calculated by computer aided tool, 
SPSS.  
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In detail, Levene test was used to test whether the groups came from population with 
the same variance before T test or ANAVO test were computed. (Norusis, 1993) If 
Levene test produces a non-significant result at 95% confident interval (p>0.05), the 
assumption that the variances for a pair of groups are equal can not be rejected29. In 
practice, if a non-significant result was produced, the results in the summary table, 
which was labeled “Equal variances are not assumed”, would be used for further tests. 
In this case, the computation included a correction for the lack of homogeneity of 
variance. (The results of multiple comparisons and Levene test; see Appendix 1030) 
Further discussions were then carried out, if the difference was significant, for 
understanding where and how efforts could be made for facilitating passengers 
accessing buses at entrances and exits, in particular those with relatively longer 
performance times recorded.  
3.3.3.3 Comparison of Postural Angles and Computed Simulations: 
Finally, the influence of physical attributes of settings on performances was discussed 
by measuring the dispersions of critical postural angles of typical body movements. 
Based on previous studies, anthropometrists have addressed an understanding of the 
mechanism of body’s actions, the knowledge of which has been applied in the 
evaluation of diverse designs’ usage in order to guide future designs. As to the human 
body, the feeling of comfort depends on maintaining correct postures while standing, 
walking, seating, stretching and so on31, which are important in protecting the older 
persons from physical injuries. The dispersions of typical postural angles in real traffic 
                                                 
29
 See website: http://ibs.derby.ac.uk/~kpat/QuantitativeRM/InterpretingLevene.rtf.  
30
 The parameter called “Std. Deviation” was included in the Appendix 10, in the tables accordingly for 
each pair of comparison. 
31
 Anthropometrists hypothesized to reframe one’s body as an elastic and flexible model formulated by a 
great number of linear segments and connected by movable joints. Based on this model, human body’s 
movements could be quantitatively studied through measuring the length of segments and the angle of 
joints.  
 48
conditions were compared with the comfortable limits reviewed so as to understand 
how and to what extent the physical settings influenced (comfort or discomfort) older 
persons when performing specific actions. Furthermore, by computing three-
dimensional model instrument, CATIA, the simulations were taken for three-
dimensional typical postures of the older female persons, primarily when taking high 
steps and holding various steps based on the images observed. The reaches of foot and 
hand were respectively drawn out within comfortable limits for the populations 
evaluated. This helped in deciding potential provisions for accessed steps and 
comfortable handgrips for the members in the older community as well as other 
persons who required physical assistance. In particular, preferred angle and postural 
score analysis were used in this process to assess whether those postures simulated 
were easy or comfortable or not to the older female passengers. 
 
At the time of this study, there is a lack of anthropometric data for local older 
population aged 60 and above in the projects carried out in 1985, 1986, 1988 and 2002. 
(Liem & Brown et al, 2002) Another relative project in 2002, which was the first 
ergonomic exploration into the older people’s anthropometry in Singapore, provided 
some anthropometric data measured on very limited sample numbers 32 . Thus, in 
postural simulations, the database for human modeling were based on the 
anthropometry of Korean manikin33 in digital library for 50th percentile of population, 
the values of which stature and length of upper arm were modified according to the 
                                                 
32
 This project was carried out by Xie Hongyan, one research scholar in Department of Architecture in 
NUS, for his research project on “senior-friendly” kitchen design during the first phase of his study. The 
subjects of the measure comprised of 43 Chinese women in Singapore, 21 females aged from 60 to 69 
years old and 22 females aged from 70 to 79 years old. Most of the definitions of anthropometric 
measurements were based on Pheasant’s Type of Dimension (1986). At the end of 2003, Xie Hongyan 
improved the anthropometric data, adding some new older samples, which was studied in his final report. 
In this study, merely the data for women aged from 60 to 69 years old were selected.  
33
 This computer aided system, CATIA, provides the anthropometry for five countries, and Korea is the 
mere country involved in Asia. The evaluator can also search or measure those body dimensions 
according to the definitions of body segments that the system uses in building human model. 
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limited results of anthropometric measures in Singapore in 2002. (Figure 3.14; see 
Appendix 14, 15)  
 
In order to apply CATIA, it is imperative to create a new population file, according to 
which a new manikin can be formulated. The new population file consists of two 
primary portions; the large population’s body dimensions specially defined by the 
computer system, and the correlations between these dimensions. (see Appendix 14, 15) 
However, at the time of this study, the population file had not completely prepared for 
Singaporean population. Neither could the measures and calculations be completed 
without the co-operations of a large work group within a long period. Instead, Korean 
manikin was used as the database for the human modeling, which is the mere file to 
describe the anthropometry of Asian populations within the digital library that the 
applied version of CATIA provides.  
 
Compared to the manikin of Korean women, the modified one has shorter stature but 
longer upper arm. It is clear that the stature of Singaporean women (60-69) for 50 
percentile, 1532 mm, is equal to that of Korean women for 21.84 percentile, while the 
length of the upper arm of Singaporean women for 50 percentile, 320 mm, is equal to 
that of Korean women for 99.13 percentile. (Table 3.1; see Appendix 14, 15) The 
dimensions of the models of bus entrance and exit complied with two old types of 
buses with inside steps recorded, which are commonly used. (see Section 4.2.1) The 
results from discussions on the performance speeds and postures were finally 
compared with one another for validity of resulting data and information, including 
indispensable supplements as well. 
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The Population The Stature (mm) The Upper Arm (mm) 
Korean Women 1580(50th) 283.84(50th) 
Korean Women 1681(95th) 309(95th) 
Singaporean Women (60-69) 1532 (21.84th) 320 (99.13th) 
 
Table 3.1: The Modifications of Anthropometric Data in Human Modeling. 
 
 
          
 
Figure 3.14: Modifying Certain Body Dimensions of Human Modeling, Based on the Data 
Standard for Korean Female Population. 
 
In detail, all the postural angles in the postural simulations were projected to the two-
dimensional planes, which were defined earlier, and then the values were measured out 
and recorded automatically by the tool. With three-dimensional compass defined, the 
simulation tool, CATIA, automatically captured the images within two-dimensional 
planes and computed the postural angles, eg., the extensions or abductions of the 
forearm and the thigh. As shown in the following figures, the pictures viewed from left 
side were commonly applied. (Figure 3.15) And top views were sometimes used. 
There are default values by the use of CATIA to define the comfortable limits of the 
body movements. In order to improve the validity of resulting data, the reviewed 
The Upper Arm 
The Stature 
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comfortable limits especially for the older persons were accessed into the computing 
system for the comparisons in the postural angles and the addressing of the suitable 
dimensions of physical settings. 
                               
 
Figure 3.15: Various Views by the Use of CATIA in the Measurements of Postural Angles. 
 
Normal View Left View Top View 
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4. Data Analysis: 
4.1 Users’ Evaluations on the Step, Handrails and Sensor based on 
Their Experiences (Presentation of Interviews’ Results): 
4.1.1 Profiles of the Participants: 
A total of 54 passengers were invited to complete the interviews during the intervals of 
recording, with 49 passengers successfully interviewed. It was noticed that many older 
passengers actively participated in normal conversations when being interviewed. One 
male with crutch and three females were 75 years and above, one female with serious 
impaired hearing and two with language problems, prescribed their feedbacks on the 
level of bus service without assessments on steps and handrails due to their slow 
reactions in noisy situations. Similarly, another one male 66 years old only indicated 
high degree of dissatisfaction on the use of public bus service. Of the passengers who 
successfully completed the interview, 43 passengers’ behaviors were clearly recorded. 
(Appendix 11) The profiles of the interviewees according to ages, genders and health 
conditions are indicated in the following table. (Table 4.1)  
 
From this table, 16 interviewees mentioned that they had serious health problems, in 
particular on four limbs, which caused difficulties in physical mobility during their 
daily lives. In particularly, two interviewees indicated that until the time of interviews 
they had been suffering from physical impairments due to the experience of falls 
within buses. It was noticed that the ages of 16 interviewees with health problems 
varied between 50 years old and 84 years old, twelve of who were above the age of 60. 
(see Appendix 11) This means that, other than the older persons, some younger 
persons also experience the physical deteriorations that decrease their mobility. (Table 
4.1) Thus, it became important to widen the spectrum of users involved in this 
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usability research, depending on passengers’ performances recorded in real traffic 
conditions, other than merely on analysis on the age diversity. These data also 
intensified the significance of defining the old age according to the functional ages, 
based on the chronological ages. 34 Of these 16 interviewees with health problems, 
only 12 interviewees provided complete answers to the questions in the interviews. 
One walking with crutches and three with hearing difficulties and language problems 
did not answer the questions.  
Profiles of Participants: 
 

















With Health Problems 
(n=14) 
 Poor eyesight (n=1); 
 Hearing difficulties (n=3); 
 Walking with crutches, and with 
slow movements (n=1); 
 Having rheumatoid arthritis (n=2); 
 Hands were injured one year before 
(n=1); 
 Spine hurt before (n=1); 
 Chronic pains in feet or legs 
(including the legs are feeble) (n=4) 







Experience (n=2)  Had the experience of fallings 
within buses (n=2). 
 
Table 4.1: The Numbers of Participants in Different Age Groups, Gender Groups and Health 
Conditions.  
                                                 
34
 See Section 2.2 “The Definition of Old Age”. 
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4.1.2 The Survey Results: 
4.1.2.1 The Degree of Difficulties in Embarking and Disembarking 
Entrance and Exit Step: 
Nearly all the participants were interviewed during swapping buses. Among these 49 
participants, 19 persons indicated that it was not difficult for them to embark and 
disembark the entrance and exit steps; however, 30 persons disagreed that viewpoint 
because the high steps brought inconvenience to them when embarking and 
disembarking. (Figure 4.1) Fifteen persons even consciously mentioned this problem 
before the question was addressed by the evaluator. This phenomenon demonstrates 
that the problems existing in embarkation and disembarkation seriously affect the older 
passengers in using public bus service, in particular the high entrance and exit steps. 
From the results of interviews, fear of height was equally a causal factor that lowered 
the older users’ satisfactions on public bus service. Some older female passengers 
replied that they moved very slowly to embark or disembark so that they would 
overcome serious fears of falls at the edge of high steps. This psychological problem 
commonly exists within female passengers, in particular when they carry bags or 
luggage. (see Appendix 11) 
                              
Figure 4.1: Comparisons of 









Figure 4.1: Comparisons of Participants’ Appraisals on the Height of Step. 
 
However, except the age groups above 75 years old and the age group between 66 and 
70, there were no apparent differences in the feedback on the height of steps between 
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age groups. In each age group that contained at least 10 participants, more than half 
passengers agreed that the entrance and exit steps were too high for them to embark. 
(Table 4.2) Similarly, no obvious differences existed between genders. It was clear 
from the table that nearly equal percentage of males as that of females who mentioned 
the problem caused by high entrance and exit steps. (Table 4.3) 
Age  No, I Don’t think it is high;  Yes, I think so. 
60 and below 4 6 
61-65 2 9 
66-70 2 2 
71-75 7 10 
76-80 3 2 
81 and above 1 1 
Total 19 30 
 
Table 4.2: Replies of Interviewees on the Step Height according to Age Groups.  
 
 
Table 4.3: Replies of Interviewees on the Step Height according to Gender Groups.  
 
Different from the small differences in appraisals on steps between age groups and 
gender groups, there were great differences between passengers reporting and not 
reporting physical problems in interviews. As addressed earlier, of 16 interviewees 
who reported health problems or experiences of falls, 12 passengers completed the 
interviews. Among them, eleven persons (91.7%) strongly agreed that they frequently 
had difficulties in embarkation and disembarkation due to high steps. However, among 
those passengers not reporting health problems, only a half of passengers agreed that 
the steps were high. (Table 4.4) This type of difference demonstrated that people with 
health problem had high level of difficulties in climbing step, and would heavily 
depend on holding handrails when accessing bus service.  
 
Gender  No, I think it is not high;  Yes, I think so. Total 
Male 8 (40%) 12 (60%) 20 
Female 11 (37.9%) 18 (62.1%) 29 
Total 19 30 49 
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It has been reiterated that the tested subjects in this survey include not only the older 
persons, but also some younger persons who experience inconvenience in their daily 
life due to serious health problems. Some other passengers replied that carrying big 
luggage would cause great inconvenience in their trips, thus using handrails was 
necessary35. The dissatisfactions from these groups proved that the “senior-friendly” 
environment would benefit both people with limited physical mobility such as the 
older users, and user groups who encountered temporary loss of physical capability, 
such as carrying luggage. 
Groups  In total No, I think it is not high. Yes, I think so.  
Passengers Who Reported 
Health Problems and 
Completed the Interviews. 
N=12 1 (8.3%) 11 (91.7%) 
Passengers Who Did Not 
Mention Health Problems 
and Completed the 
Interviews. 
N=37 18 (48.6%) 19 (51.4%) 
Total N=49 19 30 
 
Table 4.4: The Differences in Feedback on Steps between Interviewees Reporting and Not 
Reporting Health Problems. 
 
It was clear from the table that there were very small number of persons within the age 
groups above 75 years old who were encountered in interviews. The idea was that, for 
this age cohort, the frequency of their using places or amenities beyond foot’s reach 
largely decreased due to serious mobility impairments. In conversations, some older 
persons whose family had private cars indicated that they also needed to use public bus 
service when their relatives could not take care of them or to take them to the public 
spaces where social activities took place. Meanwhile, the inactive financial condition 
limited the older persons’ trips by taxies due to the higher expense. Also, these 
domestic and social factors might obstruct older people from frequent participations 
into municipal amenities due to their difficulties in accessing public bus service; or 
                                                 
35
 They replied in interviews that “I must use the handrails if I carry many shopping bags or heavy 
luggage”. 
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some of them did not prefer to go outside due to their previous unpleasant experiences. 
These limitations intensified the significance of studying “senior-friendly” 
environment to cater to these passenger groups. 
4.1.2.2 The Evaluations on the Use of Handrails at Entrance and 
Exit Spaces: 
A total of 49 participants replied the question on the frequency of using handrails when 
embarking and disembarking. Three degrees were collected to evaluate the frequency 
of use; “Very Often”, “Sometimes” or “Not Very Often”. Simultaneously the polar 
standards (see Appendix 7) were used to evaluate the handrails’ usability: “Difficult” 
and “Not Difficult” or “Satisfactory” and “Not Satisfactory”, which were noted down 
according to the wording of interviewees.  
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Figure 4.2: Passengers’ Replies on Frequency of Handrails’ Usage. 
 
Age  Not Use it Very 
Often 
Use it Very Often Sometimes 
60 and below 3 6 1 
61-65 2 9 0 
66-70 0 4 0 
71-75 5 11 1 
76-80 0 5 0 
81 and above 0 2 0 
Total 10 37 2 
 




Gender  Not Use It Very 
Often 
Use it Very Often Sometimes Total 
Female 4 (13.8%) 23 (79.3%) 2 (6.9%) 29 
Male 6 (30%) 14 (70%) 0 20 
Total 10 37 2 49 
 





The step not 
difficult, but use 
handrails 
The step 
difficult, but not 





9 11 26 3 49 
 
Table 4.7: Comparisons in the Replies of Interviewees on both the Step Height and the Use of 
Handrails. 
 
An overwhelming number of the older participants (77.6%) indicated that they used 
the handrails very often. (Figure 4.2) And the tendency was unanimous in each age 
group, where much higher percentage of interviewees indicated that the handrails were 
essential to facilitate them to embark and disembark. In particular, all members in the 
age group above 75 years old agreed that they used the handrails very often. Even for 
the age group “50-60 years old”, six interviews of totally ten replied that they heavily 
relied on the use of handrails when embarkation and disembarkation. (Table 4.5) 
Meanwhile, eleven interviewees of totally twelve with health problems who completed 
the interviews, demonstrated the necessity of frequently using the handrails during 
embarkation and disembarkation.  
 
Female passengers (79.3%) reported that they needed to use the handrails more often 
than the male passengers (70%). (Table 4.6) Many female passengers indicated that 
they used the handrails because of personal feelings of security, ease and comfort, 
especially at the lowest step. Regarding the usage of handrails, all the interviewees 
indicated satisfactions, even though four passengers had the experience of falls when 
embarking buses before the interviews. (see Appendix 11) 
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However, there were some limitations existing in this survey. Firstly, the sampling of 
data in age groups was not equal. Also it was clear from the above tables that some 
results were seemingly contradictory; eleven passengers replied that the step was not 
too high for them; they, however, reported that they needed to use the handrails very 
often. Another twenty-six passengers replied, although it was difficult for them to 
embark and disembark, they did not use the handrails very often. (Table 4.7) Some of 
them replied “there is no need to do so because it is merely a little difficult for me”. 
The likelihood of passengers underrating difficulty might lead to this type of response. 
As some older passengers were able to access buses with the assistance of handrails, 
they unconsciously underrated the negative influence of high steps on embarkation and 
disembarkation. Also passengers’ responses could be influenced when he or she didn’t 
carry handbags or luggage when being interviewed.  
 
Other than dissatisfactions on high entrance steps, the passengers also complained that 
sometimes the attitude of the drivers was rude and impolite to them. They started buses 
when older persons were embarking and disembarking with slow movements. Two 
passengers reported that they once fell at entrance because of the high step and sudden 
acceleration of the bus. Or drivers stopped buses very faraway from the edge of kerb 
so that passengers could not stride over the gap directly. Additional problems found by 
this survey centered around the use of new ticketing system and bus frequency. It was 
apparent that, other than the step height highlighted, the use of sensors, drivers’ 
attitudes and frequency of bus service were the second top concerns of the 
interviewees. (see Appendix 11) (Figure 4.3) 
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Figure 4.3: The Results of Interviewees' Top 

















































Figure 4.3: The Results of Interviewees’ Top Concerns on Bus Service. 
 
In summary, the interviewees’ replies were centered around the difficulties caused by 
high entrance and exit steps, including the fears or worrying about falls, the 
inconveniences caused by bags and luggage carried, and the necessity of the aids of 
handrails. The interviewees with these difficulties represented people with limited 
mobility influenced by natural ageing changes, and health problems due to chronic 
aliments or past injuries, including some younger people. Therefore, further 
discussions attempted to identify the extents of those environmental factors earlier 
addressed affecting the passengers’ performances by comparisons in performance 
speeds between defined groups. Based on the observations on the videotapes recorded, 
the comparative work widened the spectrum of the subjects studied, including people 
with slow movements and uncomfortable postures, generally represented by 
passengers who embarked and disembarked with the aids of the handrails.  
4.2 Comparison of Performance Speed of Passengers: 
4.2.1 Understanding Sampling Selection: Preliminary Comparative 
Work between Handrail Users and None Handrail Users: 
The time study started to understand the process of sampling selection regarding two 
important purposes; firstly, to establish the descriptions and the methods of grouping 
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the passengers regarding the research aim; secondly, to seek a potential and effective 
way, which would lead to the most valuable conclusions by this comparative work. 
These understandings were assisted by observations on the performance attributes and 
by a preliminary calculation in mean time differences between passengers with various 
attributes, regardless of the influences of diverse traffic conditions.  
 
The field notes36 used in the recordings provided a preliminary scope for the selection 
of data samplings. Based on the understandings of available data and available 
methods, this chapter continues to further discuss the correlations between the 
performances attributes recorded, performance speed and postures, and the given 
physical settings. As mentioned earlier, the ages of the most participants were not 
collected in real world recordings37. Regardless of their ages, it was found that the 
subjects involved in the field notes and recorded had one or more of four primary 
performance characteristics by observations on the videotapes of passengers. These 
four categories are shown as follows:  
1. Some passengers had apparent “slower movements” in comparisons with 
passengers who embarked or disembarked simultaneously through the other 
passage way. This “slower movements” was defined by visional observations, 
which was different from the “slower movement” defined by quantitative 
calculations of performance speed in the following time study.   
2. Some passengers relied heavily on the use of handrails; 
3. Some passengers carried handbags or luggage; 
                                                 
36
 The field notes were applied in both recordings and interviews, which means that all the interviewees 
or passengers who were consciously recorded had one or more characteristics in its description. 
37
 Among 83 handrail users, only 34 subjects were interviewed during the internals of recordings, whose 
ages varied between 50 years old and 84 years old. Twenty-eight of them were 60 years and above, and 
the rest six interviewees would be aged at most ten years later when they would have much slower 
movements. (see Section 4.2.3) 
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4. Some Passengers used walking aids or helps from their accompanists. 
The reason for emphasizing these four characteristics was that, by observations on the 
recorded films, the passengers with these four characteristics represented those whose 
performances were negatively affected by inherent health problems and external 
environmental factors. The results of random interviews indicated that passengers with 
these four characteristics included not only older people, but also some younger people 
who were below 60 years old. Their capability of taking steps was influenced by health 
problems on the spines or four limbs due to chronic ailments or past injuries.  
 
The generation of these four characteristics led to a preliminary scheme to group the 
data sampling, according to which the in-depth comparative studies were carried out. 
Since the field notes considered “slow movement”, which was determined by visional 
observations, as one of the characteristics, it was not used any longer to be one method 
of grouping the data sampling. The results from visional observations were not precise 
when performance speed was considered as one parameter in the further performance 
study. The preliminary scheme of grouping the data sampling included, firstly, 
passengers using and not using handrails, secondly, passengers carrying and not 
carrying bags or luggage, as well as a small number of passengers with walking aids.  
 
In total, there were more than one hour’s videotapes recorded, and the samples that 
were used in the comparative work were completely selected from these recordings. 
The performance time recorded for entry and exit in all situations varied between 
approximately 2.5 seconds and 11 seconds for handrail users, and between 
approximately 1 second and 4 seconds for none handrail users. (see Appendix 9; Table 
9.1) The numbers in each group were shown as following table. (Table 4.8) 
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Handrail Users (n=83)  Group 1: Those with “slow movements” defined by 
visional observations and without bags in hands 
(n=23); 
 Groups 2: Those using crutches, umbrellas or 
friendly hands of passengers (n=5);  
 Groups 3: Those carrying handbags, sling bags or 
big luggage with slow movement (n=55). 
None Handrail Users 
(n=116) 
 Groups 4: Those without bags (n=47); 
 Groups 5: Those carrying handbags or sling bags 
(n=69). 
 
Table 4.8: The Characteristics of Handrail Users and None Handrail Users Respectively 
Considering the responses in interviews, these findings indicated that there was high 
frequency of using handrails during their bus trips. The results of preliminary 
calculations and comparisons in performance speed enhanced the significance of 
placing emphasis on the studies of handrail users. The results confirmed that members 
in the group of handrail users recorded usually had slower movements. It was clear 
from the table that the mean time difference between handrail users and none handrail 
users in total was approximately 0.6 second, and from the results of Independent-
Samples T Test the difference was statistically significant. (p<0.0538; see Appendix 10; 
Table 10.1) (Table 4.9) (Figure 4.4) 
 
Conversely, the results from calculations of mean time indicated that the influence of 
carrying bag or handbags on passengers’ capability of taking steps was small because 
there were only slightly differences in the mean time between the group of passenger 
carrying handbags and the group of passengers not carrying handbags. It was found by 
observations that two types of bags or luggage were carried; slinging bags and 
shopping bags. No passengers with very large and heavy luggage were recorded. In 
                                                 
38
 The results of comparisons in each pair of groups were tested by Independent-Samples T Test, which 
attempts to provide answers to two questions; whether the mean difference in a pair of groups is 
statistically significant, and the mean of which group is exactly bigger than another one. Probability (p) 
is the important indicator, representing the statistical significance. A value lower than 0.05 according to 
calculation means that the between differences tested have remarkable statistical significance. (see 
Section 3.2.3.2) 
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particular, there was the longest mean time for passengers with serious problems in 
walking within the group of handrail user39. (Table 4.9) (see Appendix 9; Table 9.4) 
  
The Mean Time in Second 
(embarking or disembarking the 
lowest step) 
 
 Handrail Users 
None Handrail 
Users 
In Total 1.5331 0.9440 
Carrying Handbags or Sling Bags 1.4682 0.9565 
Without Bags 1.5761 0.9255  
With Difficulties in Walking 2.0500 None 
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Figure 4.4: The Comparisons in Mean time Influenced by Different Physical Attributs of the 
Subjects Intensively Studied. 
 
Further classification included to categorize the passengers according to the defined 
timing value labels. Totally, there were 83 handrail users and 116 none handrail users, 
and all of them were able to move into bus stops or bus terminals by themselves. The 
statistical results indicated that there were greater differences in individual 
performance time recorded for the members within the group of handrail users.  
 
In detail, when embarking or disembarking the lowest step, the individual performance 
time recorded for handrail users varied between 0.75 second and 4 seconds while the 
                                                 
39
 But due to its small sampling, the significance of mean time difference between handrail users with 
difficulties in walking and none handrail users can not be determined in comparisons using Independent-
Samples T Test. 
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recorded time for none handrail users varied between 0.5 second and 2 seconds. Also it 
was noticed that more than half of none handrail users’ time was lower than 1 second; 
however, more than 90 percents of handrail users’ time was higher than 1 second. A 
total of 20 passengers spent more than 2 seconds during embarkation and 
disembarkation, 19 of whom were handrail users. (Table 4.10) 
 The Time Value Labels 
Groups 0-0.99 s 1-1.99 s 2-2.99 s 3-3.99 s 4-4.99 s Total 
Group 1 0 19 3 1 0 23 
Group 2 1 2 1 0 1 5 The Number of 
Handrail Users Group 3 6 36 11 2 0 55 
Group 4 26 21 0 0 0 47 The Number of 
None Handrail 
Users  Group 5 42 26 1 0 0 69 
* Group 1---Nothing in hand and use handrails; Group 2---need other types of assistances other than 
handrails, such as umbrella, crutch or friendly hands of passengers; Group 3---with shoulder bag, or 
shopping bags in hand or luggage around arm and use handrails; Group 4---Do not use handrails, and 
without handbags; Group 5---with bags or shoulder bag and not use handrail 
 
Table 4.10: The Number of Passengers Within Each Time Value Labels for Five Groups of 
Handrail Users and None Handrail Users. 
 
In summary, the passengers who relied heavily on the use of handrails included 
passengers with “slow movements”, some of the passengers carrying handbags or 
luggage, and all the passengers with difficulties in walking. The studies of handrail 
users, including both younger and older passengers, were helpful in decreasing the 
probability of gaining biased results caused by too small sampling selections, if only 
older people would be included. More importantly, greater differences between 
handrail users and none handrail users would lead to more valuable results, from which 
useful adaptation measures regarding bus design and bus service would be worked out. 
 
One hand, the factor of inherent capability, such as health problem, past impairments 
or the experience of carrying luggage, has negative impacts on users’ capability of 
embarking and disembarking steps; on the other hand, various traffic conditions also 
typically influence the performance attributes, eg., performance speed and posture. The 
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typical traffic conditions include diverse performances of embarkation or 
disembarkation, various step heights and availability of convenient handrails.  
 
Due to random selection of data in real world, the samplings of handrail users in 
various traffic conditions were not even. The subjects tested could be passengers when 
embarking from the street level or from the kerb level, or when disembarking to the 
street level or to the kerb level. Thus, it was necessary to group all the subjects 
according to real world recording regarding diverse performances of embarkation and 
disembarkation, various step heights, as well as gender diversity. (Figure 4.5) 
According to these diversities, handrail users and none handrail users were 
respectively grouped into eight sub-groups. Then, comparative study was carried out in 
mean time for working out the influences by those tested diversities on performance 
speed. (see Appendix 9, Table 9.5) 
 
Especially, the comparative work attempted to identify the extents of how performance 
attributes were typically affected by various traffic conditions and gender diversity. 
There were two focal concerns in the carrying out of comparisons in mean time of 
performance; firstly, further explaining the influential factors on the differences above 
addressed; secondly, broadening the understandings on the performance attributes of 
people with mobility impairments in realistic traffic conditions, which would be 



























Figure 4.5: The Process of Categorizing Handrail Users according to Genders and Traffic 
Conditions. Note that 28 interviewees who were the older persons were in diverse traffic 
conditions. None handrail users are categorized in the same way. 
 
In order to have further understandings on the influences of old age, it was necessary 
to examine whether the older persons had exactly slower movements, compared to the 
other passenger groups recorded. To the older persons, the loss of strength and 
decreased sense in physical balance are two critical influential factors on their 
capabilities of taking steps. Thus, the calculations and comparisons were firstly carried 
out in discussing the times recorded for the older persons aged 60 and above. Keeping 
in mind that the sampling of older persons was relatively small, the carrying out of the 
study was primarily focused on the differences between the group of old age and other 
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4.2.2 The Observed Buses: 
4.2.2.1 The Height of Lowest Step: 
There are three types of buses observed, two old types and one new type. The two old 
types of buses respectively have two inside steps (single-deck) and one inside step 
(double-deck) at entrances and exits, and the new ones are stepless from the entrance 
to the exit (double-deck). All of them are VOLVO models, and registered in SBS 
(Singapore Bus Services) Transit Ltd, one of primary public bus companies in 
Singapore. The heights of the steps at the entrances and exits of these three types of 
buses are not consistent at different time periods of design. The deck of new bus type, 
Volvo Super Olympian40, is 320 mm high, which is the lowest deck of all the buses at 
the time of this study. However, its number currently used is exactly small, thus the 
traffic lines that it serves are very limited. The other two types of buses commonly 
used have higher decks, accessed by inside steps with high heights, which dimensions 
and images are shown in the following table and figure. (Table 4.11, Figure 4.6)  
Front Entrance (mm) Central Exit (mm)  
No. of Steps 
 
Models Step Height  Clear 
Width 









MK 4 WA 
350+220+220 1200 350+220+220 1200 150 
Volvo Olympian 
2-Axle 
366+212 1110 366+223 1000 100 With One 
Inside Step 
(Double-deck) Volvo Olympian  351+230 1200 351+230 1200 200 
 
Table 4.11: The Dimensions of Entrances and Exits of Each VOLVO Model41. 
 
 
                                                 
40
 The dimensions of the new bus model, Volvo Super Olympian, and its number are not registered on 
the homepage for SBS Transit: http://www.sbstransit.com.sg/knowmore_busmodels.asp. The height of 
its deck is indicated in one document used as advertisement from its manufacturer, the same company as 
the bus models introduced here. 
41
 The entrance and exit of buses of Leyland Olympian 3-Axle model & Volvo Olympian 3-Axle model (1994) 
(double-deck) have nearly the same dimensions with that of Volvo Olympian 2-Axle model, which total number 
registered is 401. The entrance and exit of another bus model, Volvo Olympian 3-Axle (1999) (double-deck), have 
the same dimensions with that of Volvo Olympian model. Its total number in service is 70. There are two old single-
deck models, MB 04, 05, which were not observed in specimen record. Both of them have two inside entrance and 






















Figure 4.6: The Dimensions of Entrances and Exits Steps. 
 
As addressed earlier, physical settings, in particular the step height, were supposed to 
be one of the typical factors influencing passengers’ performances. It was obvious 
from the figure that the comparisons in performance time from the top step of buses to 
the street kerb were not precise as there were different numbers of inside steps within 
different bus models. Thus, the reviewed experiment carried out by Oxley and Benwell 
(1985) divided embarkation into “from the street kerb level or the street level to the 
first step”, “from the first step to pass by the drivers” and “from the drivers to the seat” 
for measuring the times used. In order to increase the accuracy of calculations and 
comparisons in step heights, this time study measured the speed of embarking and 
disembarking the lowest bus step because merely this step was clearly recorded during 
direct observations taken at the bus stop. The calculation of this time section also took 





















Tape A: MK 3 MS / MK 
4 WA 
Tape B: Volvo Olympian Tape C: Volvo Super 
Olympian 
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In Specimen Recordings it was usually observed that the buses were embarked and 
disembarked at the street level (indirect access; see Section 2.4). In around one quarter 
of cases observed, passengers firstly went down the street level because the lowest 
steps of the entrance and exit were too far away from the edge of the street kerb. In the 
rest of cases observed, passengers were able to stride over the gap between the edge of 
street kerb and the first step of buses. The difference was noticed that in some cases, 
the older persons were unable to stride over the gap, while their younger counterparts 
were able to do it.  
 
The heights of entrance and exit steps varied according to the variety of bus models 
and different traffic conditions. When the bus was embarked or disembarked from the 
street level, the height of the lowest step varied from 320 mm to 375 mm. While when 
the bus was embarked or disembarked from the edge of street kerb, the heights of the 
lowest steps varied from 150mm to 205mm. (The street kerb was measured as 170 mm 
high at the bus stop recorded.) Compared to the variety of bus models, the larger 
difference in step height caused by traffic conditions would have more important 
implications on producing useful adaptation measures from the comparative results. In 
detail, in order to identify the extent of easing passengers with decreased capability by 
lowering the step height, the comparative work was primarily taken to address the 
differences in the performance speed when buses were embarked respectively from the 
street kerb edge directly and from the street level. Referring to the results of 
comparisons in mean time, simulations of body movements by computer were then 













Figure 4.7: Various Step Heights Tested in Comparisons in Performance Speed; Embarking and 
Disembarking the Lowest Step. 
 
Much emphasis was placed on the time differences caused by various traffic conditions 
so that the influence of variety of bus models was neglected in the comparative work. 
The production of the time study that the passengers used exactly less time to access 
buses when it was embarked directly from the street kerb had confirmed the 
effectiveness of lowering bus steps for easy access. Therefore, there was a little 
necessity of studying the extents of variety of bus models influencing the performance 
speeds since the bus steps within all the bus models were very high. Furthermore, the 
following computer-aided simulations continued to work out the recommended step 
height for design for the use of passengers with mobility impairments.  
 
In this thesis, for better understanding and presentation, those differences in step 
heights were noted down as 170mm, 190mm 42  and 360mm 43 , which accordingly 
described the accessing time when embarking or disembarking the street kerb, striding 
over the gap and embarking or disembarking the lowest step in “direct access”, and 
embarking or disembarking from the street level in “indirect access”. (Figure 4.7)  
 
                                                 
42
 The step height when embarking from the street kerb is equal to the height of the lowest step 
subtracted by the height of street kerb. 
43
 In all bus models observed, the lowest step is higher than inside steps. The lowest step heights of all 
observed bus models are high than 350 mm but lower than 375 mm other than that of the new bus type. 
Thus, the height of 360 mm is used in comparisons, which is the maximal dimension of the lowest step 








By observations the limitation was noticed that the horizontal distance between the 
lowest step and the street kerb varied as the stopping positions were not precise. 
During recordings, some drivers tried to stop buses close to the signboard where most 
of the passengers were standing and waiting; however, due to the differences in 
personal skills, the conditions were not usually satisfactory. In order to fix the stopping 
position, it would be important to build remarkable sign board for guiding drivers to 
manipulate bus when accessing the stopping area, assisted by great endeavors of 
training the drivers. As emphasized earlier, to achieve these tasks might be time-
consuming and high-costly, and necessarily require supports and corporations from 
governmental department or public bus company.  
4.2.2.2 The Handrails: 
There are two types of handrails installed to facilitate embarkation and disembarkation; 
door handrails and middle handrails. All the buses have door handrails, which are 
installed on the door leaves at each side of steps when the door is open. Differently, 
middle handrails are only installed on all the new buses and some old ones, where the 
bus door has bigger clear width, so that two passengers can simultaneously pass by to 
increase the efficiency of embarkation and disembarkation. (Table 4.12) Handrails can 
be at the heights of around 800 mm, 900 mm and 1000 mm above the surface of the 
step where they are installed, and most of them are inclined, having approximate angle 
as the gradient of the steps. However, some door handrails are around 600 mm high 
above the front edge of the lowest step, which angle is slightly larger than that of the 
steps. In addition, the middle handrail in the new type of buses has no gradient as the 
bus is stepless from the entrance to the exit. (Figure 4.6) 
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Vertical door handrails are fixed directly on the door leaves over the surface of the first 
platform. While the lower end of inclined middle handrail in the old bus models is 
smoothly connected to vertical bar, which is installed at the front edge of the lowest or 
middle steps. The higher end of the middle handrail is connected to the central point of 
vertical handrail, which is standing in the middle of the front edge of the top step, from 
the deck to the ceiling of bus carriage. (Figure 4.8) Keeping these great diversities of 
steps and handrails in mind, the differences in embarking and disembarking the lowest 
step and using various handrails were assessed by comparisons in performance speed 
and by the computed simulations.  
Handrail 
Types 
Bus Types Installed Position  
Door 
Handrails 
All buses   Installed at each side of steps on the door leaves 
from above the front edge of the lowest step to 
above the front edge of the top step. 
All stepless buses  Installed in the middle of entrances and exits 







Some old types of buses 
with bigger clear door width 
 Installed in the middle from above the front edge 
of the lowest step to above the front edge of the 
top step, or from above the front edge of the 


















Figure 4.8: The Buses Recorded With and Without Middle Handrails. 
With Two Inside Steps 
(single-deck) 
With One Inside Steps 
(double-deck) 
Stepless from Entrance 
to Exit 
The vertical middle 
handrails at the top 
step The vertical bars at 
the middle step 
The vertical bars of 
middle handrails at 




4.2.3 Time Studies on the Age Groups from 34 Passengers 
Interviewed:  
During the intervals of recordings, 34 handrail users aged from 50 to 84 years old were 
randomly interviewed. Among them 28 passengers were above the age of 60, and 19 
passengers were above the age of 70. Three of them, respectively aged 68, 84, 84 years, 
had difficulties in walking, and thus used walking aids or helps from their 
accompanists. By reading their replies, in each age group more interviewees indicated 
dissatisfactions on the height of steps, and more interviewees agreed that they usually 
used the handrails when taking the steps. (Table 4.13)  
Appraisals on Step Height Usage Frequency of Handrails Age 
Group 
In 
Total It is 
high. 










50-59 6 4 
(66.7%) 
2 0 0 6 
(100%) 
0 0 
60-69 9 6 
(66.7%) 











Table 4.13: The Results of Interviews on 34 Passengers according to Age Groups Whose 
Performance Times were Studied. 
 
Regardless of the influences of traffic conditions, the time study on limited data 
sampling of age group still emphasized the negative influences of old age, by the 
results that the mean time differences became larger in accordance with the increase of 
the interviewees’ ages. As expected, there was the longest mean time for handrail users 
aged 70 years and above (t=1.9). (Figure 4.9) Especially five of them when embarking 
the lowest step from the street level had more than two seconds on average (t=2.3), 
which was approximately one more second longer than that of none handrail users who 
were recorded during embarkation and disembarkation (t=1.5331)44. (see Appendix 9; 
                                                 
44
 The mean time indicated is calculated out within the whole group of none handrail users, including 
passengers in embarkation and disembarkation. (Section 4.2.4) The results of more calculation with 
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Table 9.1) These results indicated the negative effects of ageing-related changes on 
physical mobility when taking the steps.  
 
Further examinations, using Independent-Samples T Test, indicated that the difference 
in mean times between age groups above and below 70 years old had high statistical 
significance (the mean time difference; t= 0.4921, p<0.05). (see Appendix 10; Table 
10.4) Very limited results were obtained from the comparisons because neither the 
calculation of mean time for the group of none handrail users nor that of the mean time 
for each age group took into considerations the differences between embarkation and 
disembarkation, the differences in step heights and the gender diversity. As discussed 
and emphasized above, the influential factors of physical settings within diverse traffic 
conditions on performance speed would be typically analyzed within wider spectrum 
of users, the groups of handrail users and none handrail users, due to their larger data 
sampling.  
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above
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Figure 4.9: The Mean Time for Different Age Groups and the Handrail Users in Total. 
 
In comparison with the influences impacting on the younger passengers, the factors 
such as traffic conditions and environmental aspects were supposed to have greater 
                                                                                                                                             
regard to the effects of diverse physical settings in realistic traffic conditions indicated that passengers 
commonly used less time to disembark than to embark. As a consequence, the mean time differences 






influences on the daily trips of passengers in their old age. Further discussions on these 
external factors would provide an effective way to find resolutions for easing the older 
people, or people with health problems, and for increasing the efficiency of their 
embarkation and disembarkation. The following chapters will focus on and, thereafter, 
deepen the understandings on the process of how these factors to influence people’s 
performances, and useful recommendations will be followed.  
 
The further studies used two primary attributes, performance speed and performance 
posture, to study and address those detailed problems existing in embarkation and 
disembarkation. In order to address the correlations between the time used and 
personal feelings of postural comfort, the postures were then analyzed, assisted by 
computer-aided simulations (see Section 4.3) and by observations of the videotapes 
from Specimen Recordings.  
 
Due to very small data sampling, the findings from the interviews were abnormal that 
the interviewees above 70 years old had increased satisfactory appraisals on the step 
height and decreased frequency of using handrails. Conversely, they had greatly 
increased mean time when they were recorded during embarking and disembarking. 
Some older people underrated the difficulties or problems they encountered, if they 
were able to use bus service even with very slow and cautious movements, while some 
of their age-mates in the neighbourhood had totally lost physical mobility. It was thus 
concluded that the demand of comfort should be underlined for improving the usage 
by a wide spectrum of user groups, especially by those with seriously impaired 
disability. According to these findings, emphasis was also placed on studying 
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individuals above 70 years old, by observing their performance attributes and by 
computer aided simulations, based on the postures recorded in the real world. 
 
Besides, these results also enhanced the significance of meeting with the demands of 
physical mobility of those older persons who were unable to use bus service or seldom 
used it. They were not involved in the real world recordings, and most of them 
probably had serious mobility impairments so that they were unable to complete an 
independent trip. Further studies are thus needed especially to address what problems 
existing in their bus trips before they stopped to use it, and then to find possible ways 
to include them in. Embarkation and disembarkation would be still key elements in 
such studies, but it could be predicted that they may have more complicated problems 
caused by more serious mobility impairments in walking and climbing steps.  
4.2.4 Comparisons of the Distribution of Performance Time and 
Mean Time for 199 Subjects: 
Based on the videotapes recorded in real world45, the subjects in the comparisons of 
mean times were those passengers who intentionally used handrails for facilitating 
their embarkation and disembarkation. During the Specimen Recordings and 
interviews, the evaluator did not collect the age of all the passengers who were 
included in the recordings, which made the data sampling very limited merely 
according to age groups. (see Section 4.2.3) More importantly, as addressed earlier, by 
observations and interviews, it was emphasized that some younger people with 
mobility limitations or impairments encountered difficulties in embarkation and 
disembarkation as well.  
                                                 
45
 The descriptions of realistic conditions and the classifications of handrail users according to them are 
shown in Figure 4.7, Section 4.2.2.  
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In order to obtain accurate results from the calculations of mean time, it was necessary 
to exclude random handle grips from the data sampling. Various groups of passengers 
may hold the handles for assuring themselves of feeling safe to embark and disembark 
when passengers have a loss of balance. It was emphasized that the term of “handrail 
users” included in this study did not merely define those passengers who were 
observed to hold handles during real world recordings. As addressed earlier, the field 
notes used in the direct observations and specimen recordings described four primary 
performance attributes in order to define the members within the group of handrail 
users. To use this field notes was effective to distinguish random handle grips from 
handrail users studied in the comparative work. 
 
By further observations on those performances recorded, two performance attributes, 
the time in holding handrails and the posture, typically described the differences 
between the group of handrail users and random handgrips, helped in deciding the data 
sampling. In general, handrail users were passengers who used handrails during 
embarking and disembarking from the lowest step to the top step. Many of them were 
observed to even incline the trunk for the ease and convenience of handle grip, with 
raising both arms for maintaining physical balance. (see Section 4.3.1) Also, different 
passengers’ performance speeds were observed that they were simultaneously standing 
to embark or disembark, but handrail users usually finished with longer time. By 
addressing these differences, random handle grips were distinguished from the group 
of handrail users, and thus excluded from the time study.  
 
In summary, the group of handrail users included older people and some younger 
people with decreased ability on limbs. The calculation of their mean time in 
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embarkation and disembarkation produced resulting data that would be compared 
primarily between the group of handrail users and none handrail users regarding 
realistic traffic conditions. In the beginning of the calculation, it was supposed that 
within all the factors around embarkation and disembarkation, which influenced 
passengers’ performance time, merely those factors that caused significant46 difference 
were intensively studied.  
 
In the comparative work, the external factors mentioned in the previous chapters were 
divided into four categories, given physical settings47, traffic conditions, passengers’ 
behaviors and environmental factors. In the mean time studies, much emphasis was 
placed on investigating the correlations between the influential factors examined and 
the time difference calculated. The content of the following table describes these four 
categories of external factors in detail, which contribute to the accessing time of 
embarkation and disembarkation. (Table 4.14) 
Given physical settings  The height of steps at entrance and exit, the height and shape 
of handrails installed over the steps, the width of passenger’s 
way. 
Traffic conditions  “Direct Access” and “Indirect Access”, having congestion of 
traffic or not. 
Passengers’ behaviors  Carrying bags or not, Wearing high-heeled shoes or not. 
Environmental factors  The whether (raining or not), the design of pedestrian way. 
 
Table 4.14: The External Factors Contributing to the Accessing Time of Embarkation and 
Disembarkation. 
 
In the time study on limited data sampling of old group, carrying slinging bags or 
shopping bags did not typically influence the performance speeds of the subjects 
studied. The results of preliminary calculations of mean time (Section .4.2.1) indicated 
that the mean time differences between passengers carrying bags and passengers not 
                                                 
46
 Whether the difference in mean times is significant or not was examined by applying Independent-
Samples T Test run by SPSS. (see Section 3.2.3.2) 
47
 Given physical settings especially mean various step heights in “Direct Access” and “Indirect Access”, 
shown in Figure 4.6, Section 4.2.1.  
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carrying bags were not typical as that between the group of handrail users and the 
group of none handrail users. However, in a common sense, carrying heavy luggage or 
baby cradle will bring inconvenience to passengers when taking steps. Other than the 
inherent physical limitations, the temporary loss of physical capability will similarly 
cause serious usability problems in bus trips, which provides another important 
research avenue to satisfy the universal use of public transportation.   
 
Secondly, without multi-complexes around the bus stop where the recordings took 
place, the passing-by pedestrian flows were not crowding. And the influence of 
weather would not be addressed in this study because no recordings were carried out in 
raining days due to the inconvenience of carrying recorders. Therefore, “Given 
physical settings” and “Traffic conditions” were typical factors in the time study, 
which degrees of influencing performance speeds of passengers with mobility 
disabilities were intensively studied. 
A. The factors of performing diverse types of tasks (embarkation and 
disembarkation), and various step heights: 
Regardless of gender diversity, the time increased during embarkation for both 
handrail users and none handrail users; however, the differences in mean time became 
larger for handrail user group. (Table 4.15: a, b) In particular, as the step height is 190 
mm, the results from Independent-Samples T Test indicated that the mean time for 
handrail user group in embarkation is certainly and significantly larger than that for 
handrail user group in disembarkation (t=0.3698, p<0.05; see Appendix 10, Table 
10.2). As above analyzed, as the typical members in the handrail user group, the older 
persons had even larger mean time increase in embarking, especially from the street 
level.  
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Mean Times in Second 
 Embarkation Disembarkation 
 
Direct Access Indirect Access Direct Access Indirect Access 
Handrail 
Users 1.6667 (n=27) 3.0938 (n=8) 1.2969 (n=16) 3.0312 (n=32) 
None 
Handrails 
Users 1.1707 (n=41) 
Unavailable 
(n=1) 0.8235 (n=68) 1.7083 (n=6) 
 
Table 4.15-a: The Comparisons in Mean Time for both Handrail Users and None Handrail Users 
in “Direct Access” and “Indirect Access”. 
 
Mean Times in Second 
 Embarkation Disembarkation 
 































Table 4.15-b: The Comparisons in Mean Time for both Handrail Users and None Handrail Users 
when Embarking and Disembarking Various Steps. 
 
In realistic traffic conditions, indirect access meant that the passengers must firstly 
disembark the street kerb (170 mm), and then embark from the street level (360 mm). 
Thus, the time for “indirect access” was worked out, by the sum of the time in 
disembarking the street kerb (170 mm) and the time in embarking from the street level 
(360 mm). From the time table, the mean time for handrail users in “indirect access” 
were approximately 3 seconds, which was roughly two times as the time used in 
“direct access”. Meanwhile, it was noticed that there were increased mean time for 
both handrail users and none handrail users in accordance with the increase of step 
heights when the bus was indirectly disembarked to the street level. (Table 4.15: a) 
The lack of the cases for none handrail users in “indirect access” enhanced that the 
satisfactory horizontal gap for normal passengers brought great inconvenience to the 
handrail users because they were not able to stride over it.  
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The passengers recorded in “direct access” on average spent shorter time to embark 
and disembark than that the passengers used in “indirect access”. And the performance 
time increased along with the widening of the gap. Especially for handrail users, the 
mean time differences were great between the step heights of 190 mm and 360 mm 
during both embarking and disembarking. However, it was noticed that none handrail 
users on average used greatly increased time to embark the lowest step from the street 
kerb (190 mm). (Table 4.15: b) In order to explain the greater time increase, the mean 
time for females and males was respectively calculated within the passengers who 
directly embarked and disembarked directly from the street kerb level. 
B. The factors of passengers’ behaviors and gender diversity: 
The Mean Times in Second 
  Groups In total Female Male 
Handrail Users in Embarkation  1.6667 (n=27) 1.6000 (n=15) 1.7500 (n=12) 
None Handrail Users in Embarkation 1.1707 (n=41) 1.2378 (n=21) 1.0625 (n=20) 
Handrail Users in Disembarkation 1.2969 (N=16) 1.2000 (n=5) 1.3409 (n=11) 
None Handrail Users in 
Disembarkation 0.8235 (N=68) 0.8190 (n=29) 0.8269 (n=39) 
 
Table 4.16: The Mean Time for Gender Groups When Embarking and Disembarking Directly 
(the step height is 190 mm). 
 
For both female and male passengers, the mean time differences between embarkation 
and disembarkation were similarly great. However, in comparison with the tested 
differences caused by physical settings, differences in the mean time caused by gender 
diversity were slighter (p>0.05; see Appendix 10; Table 10.3). Female handrail users 
on average used shorter time than their male counterparts except none handrail users in 
embarkation. However, the longest mean time was recorded for the older females, all 
of whom were handrail users, when embarking from the street level (t=2.3 s) (see 
Section 4.2.3). These results indicated that some females had sudden and serious 
physical deteriorations caused by ageing process when they were aged.  
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Of these four groups, only female members in the group of none handrail users in 
embarkation had longer mean time than their male counterparts. (Table 4.16) Females’ 
increased times used in embarkation contributed to the great increase of mean time for 
none handrail users during embarking shown in table 4.15: b. By observations on the 
videotapes related to females who did not use handrails during embarking, it was 
found that some of them wore high-heeled shoes, and moved slowly and cautiously for 
avoiding serious injuries to the ankle. Thus, different behaviors in genders also have 


















(n=11) 3.0000 (n=10) 
 
Table 4.17-a: The Mean Times for Gender Groups of Handrail Users in “Direct Access” and 
“Indirect Access”. 
 
Further time studies penetrated into comparing males and females’ capabilities of 
taking steps in various traffic conditions. There were remarkable mean time increases 
for female handrail users when the step heights varied from 190 mm in “direct access” 
to 360 mm in “indirect access”. Clearly from the table, female handrail users had the 
longest accessing time during embarkation, which was caused by the long time used in 
embarking the lowest step from the street level. (Table 4.17: a, b) However, the table 
indicated that the tendencies in mean time differences were not unanimous between 
genders when the step heights slightly increased from 170 mm when embarking or 
disembarking the street kerb, to 190 mm when embarking or disembarking the lowest 
bus step in “direct access”. The males spent longer times to stride over the vertical and 
horizontal distances when directly embarking from the street kerb level than 
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embarking from the street kerb; however, there was no such apparent difference in 






































Table 4.17-b: The Mean Times for Gender Groups of Handrail Users when Embarking and 
Disembarking Various Steps. 
 









































Figure 4.10: Comparisons in Mean Times of Males and Females Handrail Users during 
Embarking. Note the different tendencies for males and females. 
 
4.2.5 Discussions:  
In summary, those passengers who were facing problems or difficulties in accessing 
and exiting buses were observed and studied, including older passengers and some 
younger counterparts with mobility impairments. The ageing-related changes, eg. 
decreased strength and the loss of sense in balance, have great negative influences on 
their capabilities in climbing steps and holding handrails during embarkation and 
disembarkation. Simultaneously, some younger passengers have similar mobility 
impairments caused by health problems due to chronic ailments or past injuries. 
 85
Referring to the results of the time studies, it was significant to confirm that handrail 
users, including these two groups, do use significantly increased times in embarking 
and disembarking from bus to bus shelter, compared to passengers with ordinary 
mobility to take steps.  
 
The comparisons in mean time of handrail users and none handrail users examined the 
extents of both inherent capability and external factors influencing passengers’ 
performance time in embarkation and disembarkation. The group of handrail users 
represents passengers whose mobility is impaired by the negative influence of old ages, 
health problems or past impairments. Other than inherent physical capability, external 
factors were typically considered in order to produce helpful recommendations and 
revisions to ease and comfort handrail users in their daily bus trips. In particular, this 
time study enhanced the effectiveness of lowering entrance and exit steps and the 
goodness of providing suitable handrails for easing embarkation and disembarkation. 
The results from this time study indicated that there was little influence of sling bags 
or light shopping bags recorded on the passengers’ speeds of embarkation and 
disembarkation. The passengers with heavy luggage were not observed in the 
Specimen Recordings. In a common sense, due to the inconveniences when accessing 
buses, in particular, when embarking and disembarking high steps, passengers with 
heavy luggage or handbags preferred to take taxies.  
 
Passengers commonly used longer time in embarkation than in disembarkation; 
however, the time differences in between were larger for the members within the group 
of handrail users than that within the group of none handrail users. Various step 
heights caused great differences in the passengers’ speeds of embarkation and 
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disembarkation. The comparative results indicated that handrail users on average used 
largely increased time than none handrail users in both embarkation and 
disembarkation. And they used much longer time in “indirect access” than that in 
“direct access”. Considering decreased strength along with the ageing process, the 
great magnitude of increase in mean time during embarking enhanced the significance 
of studying and providing steps with convenient height and handrails appropriately 
installed.  
 
The less time used in disembarkation did not mean that there were less effects of step 
heights on the speed of disembarkation for passengers with mobility impairments. 
High fear of falls at the edge of a high step is one of the leading problems that limit the 
capability of the older persons to have more frequent and comfortable bus trips. When 
being interviewed in the first phase of study, professional careers, social worker and 
some older persons mentioned their slow and conscious movements due to the fear of 
falls when embarking and disembarking high steps. 
 
With the longer time in embarkation, including embarking the street kerb, female 
passengers were facing high levels of difficulties in mounting high steps. Some older 
females were observed to push one hand against the forward extending thigh in order 
to support their physical body when pulling the body up. Or when disembarking the 
street kerb, they tried to grasp the door handrails at the entrance of buses as it was 
necessary to assure them of feeling safe and able to do it. (Figure 4.11; a) At the time 
of this study, there was no slope with suitable gradient at the edge of street kerb, nor 
were appropriate handrails installed for use by passengers with serious problems in 
climbing steps. The problem caused by only one step could not be overlooked in 
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environmental study since it brought inconvenience or even barrier to the older 
persons’ daily trips. In addition, some older females were observed to stand by to have 
a temporary rest after they disembarked to the street level, which meant that for them 
to disembark from the top step to the street level caused quick reductions in physical 
capabilities. (Figure 4.11; b)                       
 
                                      
Figure 4.11-a: Examples of Female Passengers with Difficulties in Embarking and Disembarking 













Figure 4.11-b: Examples of Passengers Standing for a Temporary Rest After Disembarking to the 
Street Level.  
 
However, the studies of various step heights only included the vertical distance from a 
lower floor to a higher floor, without special concerns on horizontal distance when the 
bus was embarked from the edge of the street kerb. During recordings, it was found 
that with the same horizontal distance, younger passengers directly strode over the gap 
but some older passengers had to go down the street firstly. Thus, there are great 
individual differences in the magnitude of the horizontal distance that one is able to 
easily and comfortably stride over. And it is predicted that the horizontal distance that 
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an older person is able to stride over must be smaller than the distance that an ordinary 
younger person is able to stride over. If providing special trainings for narrowing the 
horizontal gap to the whole number of drivers is proven to be useful and feasible, it 
will become important to work out the magnitude of such horizontal distance for the 
older persons for helping the drivers in meeting with the requirements regarding the 
special trainings.48  
 
Based on the results of time study, the increase of performance time was apparent 
when passengers could not directly embark or disembark from the street kerb. One 
passenger holding handles in “indirect access” used nearly twice times as that one used 
when embarking or disembarking directly from the street kerb49. (Table 4.15; a, b) As 
the time increased, the degree of difficulties increased when passengers with mobility 
impairments were facing during embarking or disembarking the lowest step. A great 
number of interviewees agreed that the step was too high, and as the step height 
increased, the risk of fall increased.   
 
Basically, the time study was applied to address the differences in performance time 
between passengers who required physical facilitation and passengers who did not 
require it for entry and exit. In detail, the study typically analyzed the influences of 
four external factors on the performance times recorded; given physical settings, traffic 
conditions, passengers’ behaviors and other environmental factors. Among these four 
                                                 
48
 One way applied to work out the horizontal distance is to construct stick figures of passengers striding 
over the gap through generalization of video observations (Liem & Brown et al, 2002); another way is to 
build various horizontal distances to experiment with the samplings of older people to find out the most 
suitable distance (Oxley & Benwell, 1985).  
49
 Table 4.15 indicates the mean times for handrail users and none handrail users accordingly when 
directly embarking or disembarking, when embarking or disembarking the street kerb and the lowest 
step from the street level. The time that one uses in “indirect access” is the sum of the performance time 
when disembarking the street kerb and the performance time when embarking the lowest step from the 
street level.  
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categories of external factors, given physical settings, along with traffic conditions, 
had the greatest influences on the speed of embarkation and disembarkation, and then 
the influences on the efficiency of accessing buses. Conversely, there was the lower 
degree of difficulties caused by carried load, then by gender diversity, and the lowest 
by the pass-by pedestrian flows.  
 
These findings from the time study were important to lead to conscious observations 
on recorded sceneries and occurrences with the purpose of describing the process of 
how these factors influencing passengers’ performance time. The observations were 
helpful to provide database and possible avenues in executing the computer-aided 
simulations. Performance attributes were intensively described in terms of comfortable 
postures defined by ergonomic and human’s anatomy. (Appendix 13) Then, with the 
aid of analyses on the typical postures carried out by a computer aided tool (CATIA), 
passengers’ postures observed were assessed and studied, by which effective 
suggestions were provided for facilitating the older persons and others with mobility 
impairments in embarkation and disembarkation when accessing public bus service. 
4.3 Simulation of Passengers’ Performance in Given Door Spaces: 
The application of the human modeling computing system (CATIA) is helpful in 
investigating into the correlation between human postures and performance tasks in a 
given workplace in accordance with database of preferred angle, strength and comfort. 
There were two key movements simulated; flexing the thigh when taking steps, and 




The literatures reviewed generally described some ergonomic attributes of these two 
body’s movements. Due to reduced strength in old age, the strain easily leads to 
muscle fatigues on the arms and the legs, thus the actions of pulling one’s body up 
become slower, and thus are more difficult than the actions of putting the body down. 
Meanwhile, due to increased risk of falls when striding over the horizontal distance 
between street kerb and the lowest bus step, it is necessary to the older persons to 
adjust their postures and to hold handrails for security and for assuring themselves of 
feeling able to do it.  
 
Overexertion or overextension is one of primary causes of injuries such as 
musculoskeletal disorder50. The common sites where such injuries occur are the lower 
back and the upper extremities, including the neck and the shoulder. (Meyers & Miles 
et al, 2003) Assisted by the definition of the preferred angles of human model and 
postural score analysis51, the postures were assessed. Based on the descriptions of 
comfortable postures, convenient dimensions of physical settings and devices in the 
workplace were deduced in order to eliminate such injuries. And the recommended 
dimensions included the height of steps, the height and shape of handrails and the 
width of door space.  
 
Regardless of individual times recorded, there were greatly varying postural angles for 
handrail users. As shown in the following figure, although some passengers had the 
                                                 
50
 Musculoskeletal disorders and other ergonomic risk factors may affect muscles, tendons, joints, 
nerves and related soft tissues anywhere in the body. (Meyers & Miles et al, 2003) 
51
 Postural score analysis is one tool provided by this computer aided simulation tool (CATIA) in order 
to investigate into the correlation between human postures and performance tasks in a given workplace 
in accordance with database of preferred angle, strength and comfort. The users can apply the database 
provided by this tool for average users to define the preferred angles, or apply their own definitions 
available for a certain user groups. With the underlying of the same definition, the scores for a certain 
physical body segments can be compared in different conditions. The results of the postural score 
analysis are recorded as “*/*”, in which the former is the assessed score, and the latter is the gloss score.  
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time recorded lower than 2 seconds, the distribution of their postural angles were not 
different from those of passengers who used longer than 2 seconds in embarkation and 
disembarkation. It was observed that most of the angles for flexion of the trunk varied 
between around 5 degrees and 40 degrees, most of the angles for forward extension of 
the upper arm varied between 20 and 80 degrees, and forward extension of the thigh 
varied between 20 and 90 degrees. (Figure 4.12) The flexions of the trunk and the 
shoulder up to these angles are moderate flexions for a healthy younger worker; 
however, to older people or others with mobility impairments these angles are severe 
flexions and will even cause rapidly increased muscle fatigues. As the posture sustains 
for a long time, the risk of physical injuries associated to severe flexions largely 
increases.  
The Distribution of Postural Angles of the Trunk 
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The Distribution of Postural Angles of The Thigh 
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Figure 4.12: The Distributions of Postural Angles of the Trunk, the Upper Arm and the Thigh of 
18 Persons, According to the Time Recorded. Note that one group consists of the top eight 
individuals who had the longest time recorded (their times are longer than 2 seconds), in 
comparisons with another group that consists of ten handrail users who carried bags and had 
shorter times recorded (their times are shorter than 2 seconds), representing passengers with 
slight ambulant disablements but with temporarily limited capability. 
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4.3.1 The Use Problems of Door Handrail, Middle Handrail and 
Vertical Handrail; 
Based on the better understandings on the behaviors and postures of the older persons, 
this study attempted to develop potential adaptation measures for protecting the 
subjects from physical discomforts and even injuries in embarkation and 
disembarkation when accessing bus service. Through generalizations of observations 
in real world, the simulations were carried out on typical postures, focusing on the 
exertions of the trunk, the upper arm, the wrist and the thigh. The human model built 
represented older females in Singapore (see Section 3.2.3.3), and males have slightly 
bigger body dimensions than females, eg., the stature of younger males for 50th 
percentile in Singapore is 5 percent bigger than that of younger females according to 
the results of an anthropometric measure conducted from November 2001 to February 
2002. (Liem & Brown et al, 2002)  
 
In previous analyses on the interviews with 49 passengers, around three quarters of 
interviewees indicated that they needed to use handrails very often. (see Section 
4.1.2.2) Although all of them indicated satisfactions on the use of handrails, the 
realistic conditions were not ideal for supporting most of the passengers who required 
physical facilitations in embarking and disembarking steps. By observations, it was 
found that some of the older passengers held the door handrails for safety and physical 
facilitation with greatly varying flexions of the trunk. (Figure 4.13)  
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Figure 4.13: The Passengers Leaning and Inclining the Trunk for Facilitating Embarkation and 
Disembarkation. 
 
Zacharkow (1988) addressed that a forward position of the head and the arm is 
commonly encouraged for keeping the physical balance due to the tendency of the 
gravity pulling the physical body forward and downward. However, the postures 
become abnormal when the forward position of the head and the arm cause moderate 
or even severe flexions of the trunk. It was observed that the passengers must incline 
the trunk to a large angle when the inclined door handrails were installed at a low 
height above the surface of the lowest step during a forceful handgrip. 
 
The first focus of simulations was to analyze and identify the physical attributes of 
older females’ performances when holding door handrails with only left hand in both 
embarkation and disembarkation. The standard of determining whether a posture to be 
good or not was primarily dependant on the flexions of the trunk, the upper arm and 
the thigh. Awkward postures included moderate or severe flexions of the trunk, 
uncomfortable flexions of the upper arm and the thigh. The following table indicates 
the good and awkward postures defined for normal younger worker52. (Table 4.18)  
 
                                                 
52
 The assessments of the postural angles associated to the work-related injuries are reported in 
“Ergonomic Risk Factors for Musculoskeletal Disorder in Wine Grape Vineyard Work”: http://ag-
ergo.ucdavis.edu/papers/vineyardjmm.htm. It primarily involves the angles of the trunk flexion and 
twist, the angles of four limbs, as well as the motions of the head and the neck. 
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The Body Sections Good Postures Awkward Postures 
The Trunk < 30 deg. 30 ~ 90 deg. 
Extension < 60 deg. > 60 deg. The Upper 
Arm Abduction < 30 deg. > 30 deg. 
The Thigh  < 45 deg. (18.7 deg.) > 45 deg. (18.7 deg.)  
The Wrist The Forearm Aligned 
with the Hand  
The Forearm Not Aligned 
with the Hand  
 
Table 4.18: The Descriptions of the Good and Awkward Postures. 
 
One experimental study demonstrated that, for the older persons in walking, the peak 
comfortable angle of the thigh was 18.7 deg.53. However, neither the peak comfortable 
angle of the upper arm nor the peak comfortable angle of the trunk was reported 
regarding the older persons’ anatomy. It was strongly hypothesized that, with 
decreased strength and lower endurance, the peak comfortable angles for the older 
persons should be much smaller than those for normal persons. 
 
This postural analysis took into consideration three positions of the upper arm in 
embarkation. By documents reviews, an ideal position is to keep the upper arm down 
and close to the trunk in order to minimize strains and fatigues caused by great 
shoulder flexion or abduction. (DEA 325/651 Class Notes) The other two critical 
positions of the upper arm were determined by the actions of the manikin grasping the 
near and far sections of the incline installed handrail, observed from realistic traffic 
conditions.  
 
The reviewed documents underlined that, during a forceful handgrip, it is necessary to 
make the forearm and the hand aligned54, in order to reduce the strain leading to the 
wrist with no or less deviation. (DEA 325/651 Class Notes) Postures are usually three-
                                                 
53
 See website: http://www.medxonline.com/Exsci/exsci-13.html . 
54
 In grasping a cylinder such as the shape of handrails, as one remains the hand and the forearm aligned 
during a forceful grip exertion, one can have more control with wrist deviation. (DEA 325/651 Class 
Notes) 
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dimensional phenomenon. The flat images obtained from defined directions were 
observed to address and assess postural attributes, and each image described the 
movement of body segments within one direction. As shown in the following figures, 
when the passenger held the near section of door handrail, the angle of wrist rotation 
within the XOZ plane (a) was great and unnatural because it was obvious that the 
forearm and the hand were not aligned with each other. (Figure 4.14)  
 
If the upper arm raised and the handrails’ far section was held, the angles on these two 
planes decreased so that the hand and the forearm could be approximately aligned; 
however, the shoulder extension largely increased. (Figure 4.15) For instance, the 
forward extension of the shoulder of these two postures increased from 60.7 degrees to 
99.2 degrees55. (Figure 4.16) Thus, neither of these two postures recorded in real world 
observations were satisfactory, for one with high strain to the wrist and the other with 
high strain to the muscles on the upper arm and the shoulder.  
                                      
Figure 4.14: The Angles of Wrist Deviation on the XOZ Plane during a Handgrip. 
 
                                                 
55
 The angle’s degrees are precisely measured by the use of CATIA. Such measures also include the 
















                                                                      
 
Figure 4.15: The simulation of the Upper Limb when Holding the Far Section of Door Handrail. 
 
                  
 
Figure 4.16: The Comparison of the Forward Extensions of the Shoulder When Holding the Near 
and Far Section of the Handrail . 
 
However, problems were also found as the upper arm was kept down and close to the 
trunk with minimal muscle strain. This “ideal” position was completed especially 
when the passenger was holding the nearest and lowest tip of door handrails. As shown 
in the following figure, the passenger could only glide the palm or elbow against the 
surface of the handrail for supporting the body’s weight in embarkation. All the 
handrails installed were circular-shaped. It was observed that in this posture the wrist 
deviation would be even greater if the passenger tried to hold the handle while to keep 
the forward flexion of the shoulder at the minimum angle. However, when the 
passenger turned the trunk and embarked or disembarked sideways, there would be 
less wrist deviation because the hand and the forearm were aligned, with smaller 
shoulder extension. (Figure 4.17) This posture was usually observed in realistic 
recordings.  
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Figure 4.17: Simulation of Passengers’ Postures during Embarking and Using Left Hand for 
Holding Handrails with Minimal Shoulder Flexion. 
 
Similarly, during disembarkation frontward, the passenger could not hold the handle, 
but glided the palm against its surface. This movement is unsafe and will lead to high 
risk of falls, especially when emergency occurs, because the diameter of the handrail is 
small and the surface is smooth and slippery. As the passenger tried to hold the 
handrail tightly and comfortably without great wrist deviation, he or she twisted the 
trunk to a great angle or even turned totally sideways like what had been done in the 
simulation of embarking performance. One typical posture was simulated according to 
the observations and automatically measured with moderate trunk flexion (70 deg.) 
and trunk twist (50 deg.). However, different from the simulated postures, the 
passenger in realistic traffic conditions was observed to hold the door handrail at her 
left side with her right hand for security. (Figure 4.18) The inconvenience analyzed by 
simulation was one of the causal factors for this posture observed. 
                                       
 
Figure 4.18: Simulation of Passengers’ Postures during Disembarkation and Using Left Hand for 









Besides the door handrail, there also were usage problems on the height and position 
of middle handrails. The middle handrail was used less often than the door handrail. In 
general, younger passengers were able to run down the exit steps and jumped over the 
wide gap between the lowest step and the kerb edge with much shorter times recorded. 
However, by observations, great differences existed in the postures of passengers using 
handrails when disembarking the middle step where middle handrail was installed, and 
disembarking the lowest step where no middle handrail was installed. Due to narrow 
width between two handrails, which varied between 500 and 600 mm, some 
passengers were forced to extend the hand and the upper arm backward for holding the 
middle handrail. Differently, with wider space between two handrails, eg., at the 
lowest step where no middle handrails were installed, passengers were observed to 
turn sideways for holding the door handrail, commonly with moderate forward lean of 
the trunk. (Figure 4.19; a, b, c) 
                                            
Figure 4.19-a: The Subjects Observed to Disembark Sideways with Trunk Flexion and Using 
Handrails. 
 
                                             
Figure 4.19-b: The Subjects Observed to Disembark in A Front Way. Note that they extend the 
arm backward in order to grasp the handrail as the middle handrail limits their capabilities to 
adjust the trunk for a better handgrip in current traffic conditions. 
 99
 
                                                                
Figure 4.19-c: The Younger Passengers Observed to Run Down the Steps and Jump Over the 
Horizontal and Vertical Gaps. 
 
Another type of middle handrails that sometimes were used is the vertical handrail 
installed at the top step or the vertical bar at the front edge of the lowest and second 
steps. (see Section 4.2.1) However, the both handrails at the top step and the second 
step were placed too far away from the passengers when they embarked and 
disembarked the lowest step. Passengers also seldom used the vertical bar at the lowest 
step because it was a little low to be held. Due to the lack of suitable handrails, some 
passengers even caught hold of the edge of door leaf or placed the palm against the 
door fringe for security and physical facilitation. (Figure 4.20) These results enhanced 
that higher and more suitable handrails were needed near the front edge of the lowest 
step for facilitating passengers with impaired mobility.  
 
 
                                       
Figure 4.20: The Vertical Handrails Installed At Different Step and Their Usages. Note 
Passengers Placing Their Hands at the Edge of the Door and Outside the Door. 
The vertical handrails 
at the top step 
The vertical section 
at the middle step 
The vertical section 
at the lowest step 
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In summary, both simulations and observations found that inclined door handrail, the 
middle handrail and vertical handrail would cause inappropriate and uncomfortable 
handgrips during embarkation and disembarkation. The primary usage problems 
included great wrist deviation, high muscle strains and unnatural twist of body 
segments, in particular the trunk and the wrist. Thus, the significance of providing 
suitable handrails was underlined for improving safe and comfortable embarkation and 
disembarkation to the older persons and others who require physical facilitations as 
well.  
 
The simulations on the recorded postures to use the handrails for facilitating 
embarkation and disembarkation addressed three limitations of physical attributes 
around bus entrance and exit; the height of handrails, the positions of handrails and the 
width between two handrails. Based on the usage problems analyzed above, it was 
recommended that vertical handrail near the front edge of the entrance and the exit 
would be helpful in facilitating passengers, especially during embarking and 
disembarking the lowest step.  
 
Correspondingly, further simulation tasks considered two critical physical aspects; the 
height of vertical handrail and the clear width of the door space. Firstly, when using 
vertical handrail installed over the front edge of the lowest step, the shoulder flexion 
will be minimized with the upper arm down and close to the body, and one’s hand and 
forearm are aligned with each other. Moreover, if higher handrail is available while 
passengers standing, the trunk flexion can be lightened, and this will be especially 
beneficial to the older persons with difficulties in flexing the spine due to chronic 
aliments or past injuries to the spine.  
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In order to produce appropriate height of vertical handrail, the maximal height that 
one’s fist could reach with slight shoulder flexion while standing was examined, which 
in turn determined the height recommended. As shown in the figure, with slight 
shoulder flexion up to 30 deg56 and the biggest elbow flexion up to 140 deg, the top of 
the passenger’s fist was approximately 1350 mm above the surface of the ground. 
Considering the conditions of the passenger embarking from the street kerb level, the 
height of handrail should be 170~180 mm higher, which was approximately 1550 mm 
above the surface of the ground. (Figure 4.21) It should be installed near the front edge 
of the lowest step and the top step for facilitating passengers during both embarkation 
and disembarkation. And it should be installed on door leaves so as not to obstruct 
opening and closing the door.  
                                                            
 
Figure 4.21: The Postures of the Manikin Holding Vertical Handrails and the Height of Its Top 
Side Associated to the Manikin’s Stature. 
 
                                                 
56
 No reports regarding human anatomy addresses the comfortable angles for the older persons, other 
than the angle for the thigh. Considering the great loss of strength and endurance associated to ageing-
related changes, the comfortable shoulder flexion for the older persons could largely decrease. It was 
finally used and examined that the magnitude of 30 deg is a half of the magnitude of the peak 
comfortable extension of the forearm for average persons, 60 deg.  











Secondly, the clear width of the door space should be widened, as the narrow pathway 
between two handrails had limited passengers’ capability of holding handrails. This 
simulation also took into consideration the posture of the passenger with bags or 
luggage in hands to embark or disembark frontward. The document reviews indicated 
that, during a forceful handgrip, shoulder abduction up to 30 deg was helpful in 
reducing strains that lead to the wrist, and simultaneously with less strains on the 
shoulder joint and shoulder muscles. (DEA 325/651 Class Notes) Thus, in order to 
allow for easy and comfortable shoulder abduction, the pathway should be widened. 
The width was measured that, when one was standing and abducting the upper arms up 
to 30 degrees, the distance between the external points of two elbows was 600 mm. 
(Figure 4.22) The recommended door space included more 150~200 mm width in 
order to allow for passengers with handbags when accessing buses. Finally, the 
distance between two handrails should be 750~800 mm, and the clear width of the 
door space should be 1500~1600 mm.  
 
 
                                            
 
Figure 4.22: The Width of Manikin’s Body when Holding Handrails with Shoulder Abduction at 
30 deg.   
300 mm 300 mm 150-200 mm 
*The dimensions of grids shown in this figure is 100*100mm; the shoulder abduction of the manikin is 30 deg. 
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4.3.2 The Height of Steps: 
As addressed above, in order to cater to the demands of the older passengers in 
particular those who had long performance time recorded, it was necessary to provide 
entrance and exit steps with convenient height for improving the accessibility of public 
bus service. The simulations of the passenger embarking from the street level and from 
the street kerb indicated that the forward extensions of the thigh were respectively 
85.199 deg. and 58.971 deg., which largely exceeded the peak comfortable angle of the 
thigh for the older persons in walking (18.7 deg57), and also exceeded the comfortable 
limit of the thigh for average people (45 deg58). (Figure 4.23, Table 4.19) The postural 
assessments indicated that the postural scores for two extensions were respectively 
scored 9.4 and 8 points, which were not significantly different from one another. This 
enhanced that neither of these two extensions were comfortable for the older persons59.  
        
 
Figure 4.23: Differences in the Angle of the Thigh when Embarking from the Ground and from 
the Edge of Kerb. 
 
                                                 
57
 See website: http://www.medxonline.com/Exsci/exsci-13.html.  
58
 In studying sitting posture, anthropometrist founded that for a normal person as the trunk is straight up 
(180 degree) and the hip joint is bent (45 degree), where the muscles at the front and the back of the 
thigh in relaxed balance, the posture would be ideal. (see Appendix 13) 
59
 By defining the angles ranging from 0 to 18.7 degrees as the zone for “1” level (brown color), the 
angles from 18.7 to 45 degrees as the zone for “2” level (yellow color) and the others as the zone for “3” 
level (orange color), the postural scores of the flexion of the thigh when embarking steps with different 
heights were measured and compared. The results of posture score analysis comprise of two parts; the 
multi-list and the viewer. “The multi-list displays all the details for the posture analysis: the segment 
names, the DOF (Degree of Freedom) names, the positions of the DOFs, and the current 
score/maximum score associated to the DOF. The viewer displays the graphical details of the postural 
score. Each bar represents the result value and color of the preferred angle corresponding to the degree 
of freedom shown in the multi-list beside the bar.” (see the homepage of CATIA version 5 release 10 
service pack user’s documentation.) 
*The Height of the First Step: 360 mm *The Height of the First Step: 360 mm; 
  The Height of the Kerb: 170 mm,; 




*Global Score: 11.3/20 (56.72%) 
 
*Global Score: 15.6/20 (78.2%) 
 
Table 4.19: Results of Postural Angle Analysis when Embarking from the Street Level and from 
the Edge of Kerb. 
 
The convenient height was worked out by making the passenger standing upright, 
flexing the left thigh up to the preferred angle, and then measuring the vertical distance 
between the soles of the mounting foot and the sustaining foot. With the thigh 
extension up to 45 deg., where for average people the muscles at the front and the back 
of the thigh keep in relaxed balance, the distance between two feet was approximately 
130 mm. (Figure 4.24) It was apparent that, in accordance with the increase of step 
height, the extension of the thigh would exceed 45 deg.. As the relaxed balance was 
broken, there would be largely increased strains to muscles and ligaments that would 
even lead to muscle fatigue or overloading, thus the postural score became high. In 
realistic situations as the entrance step was 360 mm, the condition became even worse 
in that the older persons needed to lean and flex the trunk forward for facilitating to 
take the step. Based on these results, it was determined that for older female 
Singaporean, to take a step lower than 130 mm is convenient and comfortable as there 
will be lesser strains to the muscles on the thigh and the trunk.  
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Figure 4.24: The Distance between the Sole of the Left Foot and the Surface of Ground as the 
Angle of the Thigh Is Set at 45 deg. 
 
It is also necessary to lower each step at entrances and exits for minimizing the 
strength that is needed for pulling one’s body up from a lower step to a higher step. 
Within empirical settings, as the deck height remains constant, there will be more steps 
mounted and larger spaces at entrances and exits if both the lowest and the inside steps 
have lower height. Alternatively, the bus deck should be lowered with particular 
technical arrangements and bus design. Considering the space and the layout within 
buses currently used, a retractable platform with convenient height may be attached 
outside the entrance and exit, which can be put down at the time of needs. With this 
platform being automatically lowered, public bus service will be more easily and 
comfortably accessed by the older persons, as well as other disadvantaged, such as 
children, females, and those with chronic aliments or physical injuries.   






In the preliminary phase of this research, it was hypothesized that both “subjective” 
and “objective” appraisals were helpful in addressing those problems encountered by 
older passengers and people with mobility impairments in their daily bus trips. In 
detail, the outcomes from direct feedback in interviews and analyses on performance 
speeds and postures comprised of two portions; firstly, understandings of the physical 
attributes of the subjects’ performances during embarking and disembarking by 
observations and time studies, secondly, the developments of adaptation measures for 
the provision of suitable steps and handrails by observations and computer aided 

















Figure 5.1: The Summary of the Results from the Evaluation Studies of “Subjective Assessments” 
and “Objective Assessments”. 
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Structured interviews provided users’ direct assessments on the accessibility of bus 
entry and exit. High entrance and exit steps led to high levels of dissatisfaction from 
the passengers with mobility impairments, caused by negative effects of old age, then 
by health problems and past injuries. The majority of interviewees agreed that the use 
of handrails was necessary for facilitating them to embark and to disembark. By 
recording their performance time and observing their postures, interviewees’ replies 
were tested in accordance with the comfortable postures defined in terms of human 
anatomy. The analyses on the results from the interviews indicated that some older 
passengers underrated the degree of difficulties caused by high entrance and exit steps 
if they could currently access bus service. Some of them indicated high level of self-
respect when being interviewed as they thought they were healthy enough to make an 
independent life, eg., taking trips for shopping, medical examinations or other daily 
activities by themselves.  
 
The real world observations also found that, despite of the necessity of using handrails, 
the interviewees’ appraisals did not discover the problems in using handrails. All of the 
interviewees were observed to rely heavily on the use of handrails. Many of them even 
lowered and twisted the trunk for the ease, balance and comfort of holding handrails. 
And there were not significant differences in gender and age groups about passengers’ 
appraisals on the use of handrails. However, all the interviewees indicated satisfaction 
on the common use of handrails even with inappropriate and uncomfortable postures. 
Therefore, it was necessary in the application of structured interviews, to have 
comprehensive understandings on the subjects who were studied in order to assess 
their replies in the questionnaire. This study used four effective methods to improve 
the reliability of the replies from structured interviews; 
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1. Taking conversations accordingly with professional, social careers and older 
people before the carrying out of the structured interviews; 
2. Doing a test survey for finding possible problems in real world; 
3. Randomly selecting the data sampling during recordings; 
4. Testing the interviewees’ replies by recording their performance time and 
observing their postures.  
 
This research work took into consideration three types of users; passengers with 
normal mobility, passengers with impaired mobility, and people who are unable to use 
bus service due to serious mobility impairments. Normal conversations with the older 
passengers indicated that many of them had largely decreased use of bus service due to 
mobile, financial or social factors. They agreed that in their trips taken for medical 
examinations, shopping, or familial gatherings, they always felt the loss of self-
confidence and loss of self-respect when they encountered difficulties in embarkation 
and disembarkation, as well as the unfriendly behaviors of bus drivers and of some 
younger passengers. Seriously ambulant disabled people were found to be unable to 
use public buses due to high entrance and exit steps or even more complicated 
problems they encountered in accessing bus stops. 
 
The analyses of performance time and performance posture provided useful database 
for the addressing of potential adaptation measures for improving the publicity of bus 
service. The subjects intensively analyzed in the time study were passengers who were 
observed to encounter problems during the real world recordings, represented by the 
passenger group who require the physical facilitation of handrails in embarkation and 
disembarkation. This group consisted of old people who could currently use public bus 
 109
service and some younger people with health problems due to chronic ailments or past 
injuries. The results from the recordings and the time studies demonstrated that in 
comparison with average people, passengers in these two groups used largely 
increased times in accessing and exiting buses even with the aids of handrails.  
 
As discussed earlier, four categories of external factors were studied, and physical 
settings and traffic conditions were typically analyzed in order to find those problems 
in terms of bus design, drivers’ skill and drivers’ behaviors. According to the results of 
the time study, passengers’ behaviors also influenced their performance speeds and 
postures. The important results from the time studies are summarized as follows:  
1. The greatest time difference between handrail users and none handrail users 
was approximately 3.5 seconds when embarking or disembarking the lowest 
step from the street level. In general, the differences in their speeds (mean time) 
in various traffic conditions were approximately 0.6~1.5 seconds. 
2. The older persons’ performance time may largely increase in accordance with 
the increase of step heights, and the situation worsens when there are no 
suitable handrails installed near the front edge of the lowest step, as well as the 
edge of the street kerb. They tend to be the ones who have the slowest 
performance speed in embarkation and disembarkation.  
3. Including the older persons, the time for handrail users when embarking from 
the street level greatly increased in comparison with the time used when the 
bus was embarked directly from the kerb level.  
4. In general, the older people spent longer time in embarkation than in 
disembarkation. In terms of human anatomy, the older people have largely 
reduced strength, which easily causes decreased capability of pulling the body 
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up from a lower step to a higher step. Meanwhile, high fear of falls was 
common problem during disembarkation as many older people were observed 
to adjust their postures and to hold handrails for safety when exiting steps. 
5. Gender diversity had slighter influences on the performance time recorded in 
the study, compared to those diversities caused by typical factors tested 
between handrail users and none handrail users.  
 
This study did not explode the problems caused by carried physical loads. The carried 
loads in this study included some slinging bags and some small shopping bags. There 
were slight mean time differences between passengers with and without physical loads 
for both handrail users and none handrail users. With regard to the finding that no 
passengers with heavy luggage were recorded during the random observations, there 
was low likelihood of passengers with heavy luggage using the bus service at the time 
of this study.  
 
The observations on realistic videotapes were helpful in addressing possible avenues 
for further and detailed studies by computer-aided simulations in order to improve the 
publicity of bus service. Some small time differences pointed to conscious 
observations, by which the correlations between passengers’ performances, behaviors 
of females, and the dimensions of steps that they interacted with, were emphasized and 
analyzed. As the time and the cost needed to train the holistic number of drivers are 
unknown, the provision of steps with convenient height and comfortable handrails 
becomes more important to facilitate embarkation and disembarkation for passengers 
with mobility impairments. In detail, observations, the time study, and computer-aided 
simulations examined three elements in the given physical settings that affected the 
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performance time; the height of steps, the height and position of handrails and the clear 
width of the door space.  
 
The results from the time study indicated that the mean time differences caused by 
various step heights were apparent. Handrail users on average spent much shorter time 
when they directly embarked or disembarked from the street kerb, compared to the 
mean time used in “indirect access”. Moreover, it was noticed that, to some of the 
handrail users, the satisfactory distance between the street kerb edge and the lowest 
bus step was smaller than that distance to ordinary passengers. Therefore, the carrying 
out of further studies are necessary to experiment with the satisfactory distances for 
various passenger groups, especially people with mobility impairments with the 
purpose of formulating the guidance of training bus drivers. It is similarly useful to 
define the waiting area and embarking area with handles or yellow lines on the ground 
so that the driver has reference objects when he manipulates the bus along with the 
curve of street kerb. The results also provided that near the kerb edge where there were 
no handrails installed, older passengers on average spent even longer times in 
embarking and disembarking the street kerb than that they spent in embarking and 
disembarking the higher bus steps.  
 
The following postural analysis by computer aided simulations studied the flexion or 
extension of body segments, including the thigh, the trunk and the upper limb for 
addressing suitable dimensions of steps and handrails for the accessibility of buses by 
passengers with mobility impairments. The step height is critical factor, which in turn 
determines the strains caused by stressed muscles on the front and the back of the thigh. 
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The postural simulations indicated that when taking steps lower than 130 mm there 
would be physical balance in muscle stress, and thus minimum muscle strains.  
 
Another critical factor is the height and the position of the handrails currently used, 
which determines the flexion of the upper limbs and the inclination of the trunk. 
According to the results from the postural simulations, neither door handrails nor 
middle handrails provided safe and comfortable facilitations to passengers in 
embarkation and disembarkation. Using both types of handrails caused inappropriate 
postures with high wrist deviation and high muscle strains on the shoulder, even 
assisted by serious inclination of the trunk. Another type of handrail, vertical handrails, 
was installed too far away from passengers when embarking and disembarking the 
lowest step. The recommended improvement is to install vertical handrail at both sides 
of steps above the front edges of the lowest and the top steps for reducing the exertion 
of the spine and the upper arm. The tip of the handrails installed could not be lower 
than 1550 mm respectively above the surface of the street level at the front edge of the 
lowest step, and above the surface of the bus deck at the edge of the top step.  
 
Thirdly, in order to allow for shoulder abduction in holding handrails, the clear 
distance between two handrails should be approximately 700~750 mm. This distance 
also allows for passengers with handbags and luggage to embark and disembark 
frontward. Thus, the recommended door width could be 1500 mm.  
 
Recently, the significance of studies for improving public buses’ accessibility has been 
popular across the world; however, due to the diversity of body dimensions for the 
subjects from different countries, there are some differences in the resulting data about 
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the recommended features of buses. One instance of similar studies is the research 
conducted by Petzäll in Sweden in 1993, which results were based on an experimental 
study. Its results comprised of the improvements of bus characteristics for adapting 
public transport vehicles for use by disabled people such as the older persons in 
Sweden. 60  
 Step Height Vertical Handrails Distance between 
Two Handrails 




Singaporean in 2003 




Table 5.1: Comparisons of Recommended Dimensions of Steps, Vertical Handrails and Clear 
Width between Two Handrails for Swedish (1993) and for Singaporean (2003). 
 
In comparisons with the results from Petzäll’s researches, it is found that there are 
recommended steps with higher height61 for the older persons in Sweden. (Table 5.1) 
Ordinary Swedish adults 62  have larger anthropometric dimensions than ordinary 
Singaporean adults, eg. female’s standing stature for 50 percentile for Swedish adults 
is approximately 6 percentage larger than that for Singaporean adults collected in 
200263. Moreover, in order to allow for shoulder abduction for decreasing the muscle 
strains during handgrips, the distance between two handrails in this study is 50 mm 
wider than that from the study in Sweden64 The results of the study in Sweden also 
enhance the importance of having vertical handrails to facilitate passengers with 
limited capability, but its recommended height is much lower, only 900 mm above the 
                                                 
60
 Both this study and the study for Swedish involve the subjects representing ordinary older persons and 
ambulant disabled people who are able to move into bus stops or terminal themselves. Moreover, both 
of the studies attempts to study the possibility of making public bus service accessible to them, as well 
as the ways to achieve the universal use. This study included evaluations on the usages of four types of 
buses made in Sweden and the test bus, based on observations, photographs, interviews and in some 
cases timing with a stopwatch. The emphases have been placed on the features of the entrance and the 
seat arrangement. (Petzäll, 1993) 
61
 Steps should have a height of 150-200 mm in the study in Sweden. (Petzäll, 1993) 
62
 The anthropometric data for Swedish adults; Pheasant, Stephen, Bodyspace; Anthropometry, 
Ergonomics and Design, 1987, pp. 114, Table 4.32.  
63
 The anthropometric data for Singapore adults; Liem, Andre & Brown, Richard et al, Development of 
Scenario-based Ergonomic Design Guidelines for Bus Shelter Design in Singapore, 2002, Appendix. 
64
 A suitable distance between handrails for disabled Swedish is 700 mm. (Petzäll, 1993) 
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surface of the step. (Table 5.1) The final results from the study in Sweden helped in 
working out regulations to improve the usability of the existing and new public 
transport vehicles by disabled people. (Petzäll, 1993) 
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6. Conclusion: 
6.1 Potential Adaptation Measures from Interviews, Time Studies 
and Simulations: 
As one means of public transportations, bus service achieves physical mobility to all 
the urbanites, including those disadvantageous groups, within and between urban areas 
for their daily activities. In general, in realistic traffic conditions, the difficulty for 
entry and exit for people with mobility impairments, especially the older persons, and 
the difficulty greatly increases when accessing buses with very high deck and entrance 
steps. This research indicates that at the time of this study, providing particular steps 
with convenient height and comfortable handrails are greatly beneficial for improving 
the use by those passengers who are facing difficulty during embarkation and 
disembarkation.  
 
The significance of studying performance attributes such as time and posture is to 
provide useful database for addressing potential adaptation measures to satisfy the 
needs of disadvantageous passenger groups, including the older persons. In summary, 
the whole study presents recommendations for improvements of bus design and bus 
service in three areas; minor modifications, major modifications and long-time 
improvements. Minor modifications are the temporary adaptation measures, which 
include making additional devices to help passengers with mobility impairments to 
embark and disembark buses. Those devices involve vertical handrails at the front 
edge of bus door, and horizontal handrails at a lower height for the use of children. A 
foldable platform attached outside of the lowest step is very useful for facilitating 
passengers who encounter difficulties in taking steps of the buses currently used. At 
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the time of needs, it can be lowered and be fixed over the gap between kerb edge and 
the lowest bus step so that the horizontal and the vertical gaps are greatly narrowed. 
Handrails or yellow lines on the ground should be used to define the waiting area and 
embarking area respectively so that the bus driver is able to stop the bus at fixed 
parking area. Major modifications primarily involve recommendations for new bus 
design, including the lowering of bus deck and bus steps, the installing of appropriate 
handles, and the widening of bus door. Major modifications have been detailedly 
analyzed in the chapter 5 “Discussion”, with the addressing of the differences in the 
recommended adaptation measures for the populations in various countries. Along 
with suitable handrails installed, the new bus will better satisfy the needs of older 
people and people with impaired mobility in their daily trips.  
 
Other than recommendations for bus design, the education of bus drivers should be 
carried out with well-designed time schedule and adequate financial support. One hand, 
with improved skills, bus drivers should stop buses in vertical and horizontal 
alignments with street kerb edge for decreasing the gaps. On the other hand, bus 
drivers should be well educated to move the bus after all the passengers are seated, 
which allows for the older persons to safely move within buses when they have more 
time. However, the formulation of guidance and the training and the education of the 
drivers can be time-consuming, and thus they are long-time improvements. In addition, 
other findings in this study mentioned the usage problem of the sensor that some older 
passengers forgot to record their destinations before exiting. Thus, friendly reminding 
of bus drivers or notes is helpful in protecting them from forgetting to put their cards in 
front of the sensors for recording for ticketing before they exit. 
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6.2 The Advantages and Disadvantages of Methods Used: 
The above discussions addressed how the aspired aims are fulfilled in this study, and 
this study process was also an experience of applying useful techniques such as 
Environment Design Evaluation model and Ageing Techniques into achieving 
empirical tasks. Although methods and techniques are not the central concerns studied 
in this research, it discovers the advantages and disadvantages existed in its 
applications, based on physical and cognitive characteristics of the subjects studied.  
 
Using mixed methods to verify the validity of the findings, the appraisals directly 
obtained from the users are hypothesized to be the most “objective” appraisals; 
however, this research noted that if the interviewees have relatively lower educational 
attainments, the reliability of their replies might be decreased. The illiteracy or low 
cognitive capability may encumber the interviewees to fully understand complicated 
questions and the multi-rating scale model if they are questioned in written type in 
either English or Chinese. Hereby, professional training is necessary to help the older 
interviewees understand the content and purpose of a research before questionnaire is 
executed. The format should also be carefully designed so as not to confuse them. 
 
This research also indicated the possibility of collecting empirical data, and not using 
experimental study. To collect data in realistic conditions can decrease the frequency 
of errors or deficiencies caused by the insufficient simulating of real-world conditions 
in experiments. Moreover, this method is cheaper and could be easily operated; both 
research group and individuals can adopt it; and since this method is developed within 
regular time schedule, it is equally suitable if the time is limited. This research also 
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confirmed the objectivity of using specimen record and the effectiveness of using 
comparative techniques to quantify problems of usability for a certain user groups. 
 
It is equally important to consider the limitations of this research. The first weakness is 
the problem of small sampling sizes in applying both recording and interview, 
compared to the popularity of public bus service. This is largely caused by the fact that 
currently many older persons are excluded from the use of buses, or some of them use 
it with very low frequency because of usability problems. The second limitation is that 
the researcher cannot speak dialects while many older persons can speak neither 
English nor Chinese. In some cases, the persons who were companying the old 
passengers provided friendly helps in translating the content of questions to them, and 
their replies to the evaluator as well. Finally, compared to the experimental study, 
some occurrences in specimen record are more unpredictable; the video recorder 
sometimes failed to record complete performances when one was occasionally hided 
behind other moving passengers. Hereby, longer recordings were carried out for 
sample selection in the data analysis.  
 
It is also noticed that there are some differences in the methods used in similar 
researches carried out in Sweden in 1993 and in Singapore in 2003. The Swedish study 
compared the observed usages of four commonly used buses and the test bus, for 
addressing whether the test bus had the most convenient dimensions. However, due to 
the unavailability of a test bus, the study in Singapore was carried out by the 
combination of using recordings in realistic conditions and computer aided simulations 
for discussing the disadvantages of the current design features. In addition, the 
Singaporean study addressed more understandings on the attributes of people’s 
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performances in embarkation and disembarkation by counting the mean time 
differences between defined groups earlier. 
 
In summary, this study on the degree of usefulness of public bus service, centered at 
the entrance and exit, has presented an example to appraise the ergonomic features of 
designed environment through examining and analyzing people’s capability and 
limitation of performances. By adapting bus characteristics, the efficiency of bus 
service can be greatly improved for people with mobility impairments, especially the 
older people. The improvements obtained from this research can also assure some 
older people who can not use bus service currently due to high fear of falls, of feeling 
safe and able to use it. Simultaneously, this research enables further studies in the field 
of adapting public transport to the demands of various users by studying the speed and 
posture of their performances observed and recorded in real world. Along with 
increasing endeavours to improve design considerations and details, an inclusive 
environment, including public transports, for older persons and others with mobility 
impairments may be realized. And generally, the purpose of universal use, which 
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AN ERGONOMIC EVALUATION ON EMBARKATION AND 
DISEMBARKATION FROM BUS TO BUS SHELTER FOE THE ELDERLY AND 





Appendix 1: The Fast Aging Population in Singapore and Ageing 
Related Changes:  
Number Per Cent Age Group 
1990 2000 1990 2000 
65-74 104,943 157,183 3.8 4.8 
75-84 49,862 62,969 1.8 1.9 
85 and Above 9,645 17,474 0.4 0.5 
Total 164,450 237,626 6.0 7.2 
 
Table 1.1: Resident Population by Age Group in Singapore (Leow Bee Creok, 2001: 6) 
 
1990 2000 Age Group 
Per Hundred Persons Aged 15-64 
Total  40.8 40.4 
Child (Below 15) 32.3 30.1 
Old Age (65 and Above) 8.5 10.2 
 





Table 1.3: Ageing Related Changes in terms of Human Anatomy, Physiology and Psychology 
(Chan Kin Ming & Yap Keng Bee et al, 1996; Laux, 1995) 
 
Bones  
Increasing kyphosis, a loss of vertebral height due to 
compaction-----the narrowing of the intervertebral discs and 
diminution of the joint spaces. 
Nervous 
System 
Atrophy and the loss of neurons. 
Cardiovascul
ar System 
Increased rigidity of the aorta and other vessels (elastic fibres, 
calcium deposition and atheroma formation); increased pulse 









Stiffer ribcage, increased breathing work, fibrosis, atrophy and 
reduction in the elastic recoil of the lung, less efficient 
exchange of oxygen. 
Vision: Deterioration on visual acuity and loss of other visual 
functioning, such as the ability to judge how far away 
something is and the speed it moves with and so on. 
Hearing: hearing loss, problems for sounds of higher 
frequencies, understanding speech against noisy background 
and so on. 
The skin sense: less sensitive to temperature changes, pain, 
pressure and touch. 
Olfaction and taste: decline in the sensitivity of the senses of 
smell and tastes, such as noxious gases, spoiled food and the 











Balance: dizziness, disequilibrium, postural instability (loss of 
righting reflexes and increased body sway) and so on. 
Response time: slower response to both simple and complex 
stimuli: slower at processing stimuli, selecting responses, and 




Tracking: make more errors. 
Anthropometry: loss of stature and weight (sitting height, seat 




Functioning Strength and flexibility: the significant loss of strength and 
flexibility, the loss of muscle mass, loss of conditioning, and 
the increased incidence of osteoarthritis.  
Memory and learning: decrements of recall of short time 

















Attention: decrements of both selective and distributed 
attention, less efficient to a single stimulus against a “busy” 
background, and dividing attention among two or more stimuli. 
Depression  Individual suffering, social isolation, stress to the caregivers, 
neglect of self, and medical and physical complication. 
 
 





Unwilling to participate in studies (feeling threatened by 
others), unwilling to face their diminished abilities and skills, 
reticent or engage in unfamiliar activities, bad-tempered, 
losing dignity. 
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Appendix 2: The Universal Design Concept:  
Along with increased social concerns on the rights of disabled community, the 
Universal Design concept was originated and developed to achieve an inclusive 
environment to be used by all. This design concept defines that “the design of products 
and environments to be used by all people, to the greatest extent possible, without the 
need for adaptation to specialized design”. (Center for Universal Design, 1997) In this 
definition, much emphasis has been placed on comprehensive awareness on the real 
needs of users, especially those with limited physical abilities, thus greatly extends the 
definition of intended users in traditional design process.  
 
Traditionally, the environment has been designed towards fulfilling the needs of 
normal persons with average capabilities. Their anthropometric data has been pre-
established, and designers hypothesized that these data could meet with all the users’ 
real needs. Thus, the design process is linear model. But this tradition has exclusion; 
excluding people with disabilities from using the designed environment. Thus, there is 
an imperative requirement to enrich the knowledge of characteristics of diverse user 
groups with all ability types for a conscious goal of design. The intended use of 
evaluation during the design process is regarded as one useful measure to achieve that 




                                      
 
Fit and agile people (having good 
mobile ability) 
Normal adult able-bodied people 
Also main and normal able-
bodied people (Women) 
The older persons, 
infants, pushchairs 





on one person 
Wheelchairs needing 










Figure 2.1: User Pyramid of “Universal Design” (Goldsmith, 2000: 1).  
 
Instead of creating measures to modify or rectify the inconsiderate conditions after 
buildings have been constructed, eventual application of Universal Design concept 
emphasizes anticipated sensitivity on the needs of different types of user groups in the 
preliminary phase of design, in particular, needs of disabled users. (Wilkoff & Abed, 
1994) This anticipated sensitivity can be established through understanding the users’ 
needs from bottom to top. (Figure 2.1) In this pyramid, different user groups are 
ranked according to their mobile capacities, where the disabled users are put on its top. 
This demonstrates that the Universal Design should be capable to benefit many more 
people without disabilities, rather than only improving the usability for those with 
disabilities.  
 
The Universal Design concept also emphasizes the essential principle of integrating 
people with disabilities into the mainstream of social life, not regarding them as 
inferior through the label “specially for the disabled users”. (Goldsmith, 2000: 1) It has 
been seen that any separate and special considerations not in the preliminary phase 
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easily result in resolving accessible problems with an “added on” appearance. This 
accessed building can not satisfy people with disabilities because they feel a loss of 
personal feeling of self-respect. (Harber & Mace et al, 1993)  
 
Increasing concerns have been given on how meeting with users’ mental satisfactions, 
focusing on the feelings of being respected. Social researchers indicate that older 
persons may feel depressed, frustrated or embarrassing if they encounter usage 
inconvenience and problems when using public spaces. They may thus regard 
themselves as useless. Moreover, high levels of depression and loneliness may result in 
other serious physical or mental problems, which makes the old age increasingly 
difficult. Social gerontology researchers regard that egalitarianism and individualism 
in design may worsen the situations. Many products, which are designed simply for 
normal persons, do indicate a great loss of respect to the disadvantageous user groups 
such as the older persons.  (Bond & Coleman et al, 1993) Keeping these points in 
views, improving physical usability is effective in helping the older persons recover 
from the loss of psychological health so that they will face their diminished abilities 
positively and participate into the social activities actively. 
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Appendix 3: The Changes of Life Style of Current Senior Generation: 
3.1 Longer Life Expectancy and Better Health: 
Along with improved techniques of medicine and increased health care given to them, 
current older persons become healthier than before. According to a report produced by 
TSAO Foundation, during the time from 1983 to 1995 the number of older persons 
who assess their own health to be not good or poor has fallen.65 (Figure 3.1) It is 
predicted that the future older generation will be more vigorous and have more active 
life style. Considering these changes, it is imperative to apply useful measurements to 
encourage their social participations and incorporate them into the mainstream of 
social activities.  
                            
Figure 3.1: Senior Citizens Who Assessed Their Health to Be Not Good/Poor: 1983, 1995. 
 
It is recognized that increased longevity without quality of life is useless. Recently, 
many research reports around the world begin to use more comprehensive indicators, 
eg. disability-free life expectancy, healthy life expectancy and active life expectancy, 
in place of the formal single indicator, life expectancy, indicating combined meanings 
of “the longer life expectancy” and “the better health condition”. Although no detailed 
                                                 
65
 This chart is cited from a project, which won the Tsao Ng Yu Shun Award for Excellence in Ageing 
Study in collaboration with Department of Sociology, National University of Singapore, in 1999.  
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data indicate the increased life expectancy free of impairments, disabilities and 
handicaps in Singapore, there are some data from neighboring countries. (Robine & 
Romieu, 1998)  
3.2 The More Active Leisure Participations:  
                                    
Figure 3.2: Leisure Participation. 
 
As addressed earlier, the life of senior generation has become active and vigorous. 
This tendency has initiated concerns from industrial product design, environment 
design and market business. For example, in Japan, small businesses have been set up 
in urban areas to offer a variety of services such as housing-cleaning, bathing and food 
catering to the elderly. They also would like to go for various activities, such as hula 
dances and aerobics classes, attending lectures and frequent traveling. (The Straits 
Times, 1992, June) Similarly, in Singapore, as the level of independence of the older 
persons increases, so does the standard of their lives. Leisure participation is the most 
popular participated activity for the older Singaporean according to the census in 1999. 
(Figure 3.2) Among these activities, walking / jogging, Taiji Quan and Qigong are the 
most popular activities.66 
 
                                                 
66
 This chart is also from the project for TSAO foundation. 
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Better health condition and more active attitude, engender the older persons with more 
desire to live independently, relying less on family members or social workers. They 
require more user-friendly places for amenities, activities or social participations, 
where they can do what they would like to do as long as possible with everything they 
are familiar with. Many researches have regarded aging issues as factor influencing 
government policies. For example, one of the housing and land use policies is defined 
as “Elderly-friendly environment”, and it is explained in the Report of the 
Interministerial Committee on the Aging Population as “Aging in place as the key 
principle in housing and land use policies. This means growing old in the home and 
community that one is familiar with, amidst and community support.” (Nov 1999) 
3.3 Educational Attainment and Income or Financial Support: 
                                    
Figure 3.3: Educational Attainment of the Older Persons. 
 
                                
Figure 3.4: The Lower Income of the Older Persons. 
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The current senior generation is also facing simultaneously certain disadvantageous 
conditions, many of which are formulated along with historical or social developments. 
For example, the same report indicates that current seniors encounter relatively low 
income and have low educational attainments. (Figure 3.3, 3.4) It is clear from the 
figure that the most senior Singaporean has an income of below $500 per month, and 
females have much higher percentage to be paid below $500 per month. The low 
economical income of the older persons is closely related with the low educational 
attainments that they have. A great number of the older persons have no or very low 
qualification, which partly results in lower chances of employment. Moreover, the low 
family income will also have an impact on the older persons’ everyday life, for 
example, low car ownership. The unavailability of private cars increases the demand of 
using public transportation system. On the other hand, low educational attainments 
also limit the older persons’ abilities of understanding on languages.  
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Appendix 4: The Literature Reviewed on Related Studies: 
4.1 One Social Science Studies on the Level of Public Transport 
Services: 
One study is the social survey conducted in 1997, which assessed the degree of the 
usefulness of all public transport means for current senior Singaporeans. The bus 
service was intensively considered with regard to Frequency and complexity of service, 
Operation characteristics of the system, and Physical design of system. Questionnaire 
was the primary approach. And in total, 196 participants provided responses to the 
questionnaire on the use of bus service. And their replies were noted down according 
to the “Yes” or “No” responses. (Lim Su Fein, 1997: 77) 
Frequency and complexity of service (Response: Yes/No): 
1. Knowing what buses to take to desire destinations (14.4%/85.6%); 
2. Difficulty of having to changes buses (8.7%/91.3%); 
3. Long waiting time for buses (13.8%/86.2%); 
4. Validators difficult to use (8.2%/91.8%)67; 
Operation characteristics of the system: 
1. Rapid acceleration and deceleration of driving (25.1%/74.9%); 
2. Negotiating crowded buses (9.2%/90.8%); 
3. Fear and Reality of doors closing too soon (15.4%/84.6%); 
4. Unavailable of seats in the buses (11.8%/88.2%); 
5. Insufficient time to get seated after entering the bus (30.3%/69.7%); 
6. Difficult to see where you are going while traveling (8.2%/91.8%); 
Physical Design of system: 
                                                 
67
 A new ticketing system, the sensors, has installed at the entrance and exit of buses in place of the 
validators. Its usage will be studied in this research.  
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1. Difficult to read the bus numbers because the number is too small or not 
distinctive, or some of the digitized numberings on the bus are small or always 
changing (21.5%/78.5%); 
2. Handgrips slippery/poorly/placed (6.2%/93.8%); 
3. Bus steps too high/difficult to climb bus steps (32.8%/67.2%); 
4. Too long a walk to the bus stop (7.7%/92.8%). 
At the end of the research report, the researcher presented questions for more indepth 
interview, based on the results from her study: “(1) Do you try to minimize the 
distance traveled between your home and your destinations by going to the nearest 
locations for the various activities? For activities that you do not participate, if they 
were located nearby, would you participate in them? (2) Which places or locations do 
you go to for all the activities, except for trips to friends and relatives? Are these the 
locations which you most wanted to go? If not, why do you substitute the most-
preferred locations with others (eg. The place is too far, etc.) (3) Are there any places 
which you would like to go but have not been able to, or have not been able to do so as 
frequently as you would like? If yes, why? (eg. Transport difficulties, personally 
mobility problems or other reasons?) (4) What activities did you participate in the past 
3-5 years, but not now? For those who have experienced a changes, why is it so (eg. 
Transport difficulties)? (5) If the transport system sere stripped of the difficulties you 
mentioned, would you participate certain activities (name a few) more or travel more? 
(eg. If the cost of transport were reduced, more elderly-friendly features added, etc.) (6) 
To what extent do you think Singapore’s transport system is accessible to the elderly? 
What improvements to the system do you think can be incorporated to enhance the 
mobility of the elderly?” (Lim Su Fein, 1997: 123) The recommended questions 
assisted in defining the content of questionnaire that is used in this research. 
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4.2 One Experimental Study of the Use of Buses: 
This experimental study conducted on the use of buses with a sample of 55 ambulatory 
disabled people in 1983 is carefully reviewed. (Oxley & Benwell, 1985) One task of 
this research was to examine whether some available changes (different types of steps 
and handrails) to bus entrance / exit that formal studies resulted in could improve the 
usage of bus by ambulatory disabled people. It was one type of evaluation research of 
using mixed methods. In total, four types of techniques were applied in this study: 
1. Enquiring direct appraisals from the passengers on steps and handrails when 
embarking and disembarking; 
2. Recording individual embarking performance time from kerb and road and 
individual disembarking performance time from the top of steps, and then 
calculating average time and comparing them; 
3. Conducting a testing experiment to simulate the gap between bus and bus stop, 
and recording the stride distances for each passenger; 
4. Making simulated journeys to record passengers’ movements to be seated after 
entry and to approach to the exit from seats before disembarking. 
The results from this experimental study contributed to the upgrading of the data use in 
the guidance of bus design and operation formed earlier. Some available changes in the 
future were expected to assist and comfort the ambulatory disabled passengers to their 
better functions. In particular, the contributions of using mixed methods in this study 
can be summarized as follows: 
• Rather than only reiterating the significance of compromising the relationship 
between designs, users’ and engineering’s requirements, the study indicates feasible 
suggestions on the desirable ergonomic features; 
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• Performance time can be easily recorded and compared, which is not expensive 
and time consuming during the execution of the research; 
• A well-designed comparative scheme may increase the reliability of resulting 
information, even if the number of study sample is small. 
• Measuring performances may be effective to examine the influences by both 
human diversities and inconsiderate design features. 
 
It is also noticed that, comparative work was workable to compare the differences in 
the levels of difficulty among diverse user groups. The real needs specially addressed 
could be typically studied, and finally all the user groups can be included. In addition, 
the benefits of using mixed techniques (recording performance time and questioning 
users) were emphasized, because the outcomes from two tools could verify each other. 
This might help in testing study’s soundness and data reliability.  
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Appendix 5: The Evaluation Process: 
5.1 What is the Focal Problem: 
 The focal problem is some relationships of special concerns that an evaluation 
research contains and attempts to elaborate. It can be generally divided into two 
components: the Elements of Interest and their Interrelationship. (Friedmann & 
Zimring et al, 1978) For diverse evaluation purposes, the focal problem may be 
decided for the information user, the sponsor of the evaluation, conflicting pressures, 
serendipitous events and so on. In addition, the functioning of evaluated setting may be 
helpful in defining elements considered in the focal problem. In its definition, the 
Elements include factors such as the user groups, physical features, or social influences; 
and their Interrelationships refering to an expected ways of how these factors affecting 
each other so that evaluation purpose can be achieved. In total, typical factors that help 
in defining the elements and interrelationships within a focal problem is summarized 
into six categories (Friedmann & Zimring et al, 1978: 22-23): 
1. “Needs and values of the users of the design; 
2. Needs and values of the sponsor of the evaluation (government agency, design 
firm, design school); 
3. Background, needs, and values of the intended users of the information 
(designer, social scientist, policymaker); 
4. Background, interests, and goals of the evaluator; 
5. Functioning of the setting itself (who interacts with whom, who has power over 
whom, etc); 
6. Opportunities provided by a new or altered design (a new park, a new 
building).” 
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A subject may define a focal problem, or several ones are combined together to 
suggest a problem. The less the number of elements is, the less complex the 
interrelationships. Thus, the focal problem might be compact or complex. Within a 
complex one with several elements, it is required to make explicit choice and 
exemplification. For example, in a renovation project for an institution to cater for 
people with disabilities, the evaluator revealed that direct-care staff’s behaviors greatly 
influenced the way how the residents used renovation. The staff’s behaviors were thus 
considered as one element within the focal problem. (Friedmann & Zimring et al, 1978) 
5.2 What is the Larger System? 
The larger system includes all the factors impacting influences on the elements and 
relationships that form the focal problem. Thus, its scope is extended beyond the 
central concerns of one research. For example, the central concerns of one research are 
perhaps two factors, the setting and the users, but the relationships between them may 
be influenced by a great number of relative factors, such as the social-historical context, 
the proximate environmental context, and the design process. It is apparent that, during 
different phases or according to different conditions, the above exterior contexts may 
have different effects on the formation of the focal problem. As a result, they might 
influence the evaluators’ efforts of analyzing and exemplifying the eventual results. 
Although these factors are not critical issues for the evaluation, they are equally 
significant because they may help in understanding the focal problem and suggesting 
suitable methods for eliminating the errors or falsities. In some cases, the larger system 
suggests one way, or an essential viewpoint, to look into the focal problem. Finally, the 
factors that the larger system may consider are divided into two categories (Friedmann 
& Zimring et al, 1978: 24): 
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1. “Design process, users, settings, social-historical context, and proximate 
environmental context when these factors do not constitute the focal problem 
yet affect that problem; 
2. Issues at a larger scale of analysis which might affect the focal problem, such 
as management policy changes.” 
5.3 How to Define the Appropriate Methods for an Evaluation Study? 
The purpose of evaluation research is to provide useful, appropriate, concise, 
straightforward and clearly stated information, and then to put them into the design 
cycle where they should be. To achieve this goal, three aspects may be considered 
when designing an evaluation: the sampling procedures, the time frame and, the most 
importantly, information-gathering techniques (such as direct observation, 
questionnaire and interview). (Friedmann & Zimring et al, 1978) Like any research 
built on data collection and analysis methods, one important task of evaluation 
approach design is to increase the degree of “reliability” and “usefulness” of the data 
or information obtained. It hence includes those aspects that impact influences on the 
“good quality”. 
 
First of all, the descriptions on external conditions, time and settings must be explicit 
for understanding where the outcomes may be generated. Secondly, the methods 
should be sensitive to the small changes in the most important issues and to 
unexpected changes in other issues of the evaluation. To decrease the error frequency, 
it is recommended to choose mixed methods that consist of both qualitative and 
quantitative methods. In addition, the evaluator may influence the quality of the 
evaluation due to personal experiences or habitats when he or she makes decisions on 
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the questions of research design and specific techniques. (Friedmann & Zimring et al, 
1978) 
 
It is helpful to conceptualize the complexes of research problems for removing the 
“subjective” influences caused by personal experiences. When problems are complex, 
careful definitions of focal problem and large system may be effective to provide 
reliable and useful answers. With regard to the focal problem, techniques selected 
should be capable to correctly measure two elements: Elements and Interrelationships. 
Moreover, careful definition of the larger system impacts influences on suggesting 
information-gathering techniques, and sometimes helps in understanding the focal 
problem, and the way how the information-gathering techniques are applied to 
measure its elements and interrelationships. (Friedmann & Zimring et al, 1978)  
5.4 How to Analyze Data: 
In order to eliminate the errors or falsities, critical and valuable insights must be 
established first for both complex data analysis process and simple analytic methods. 
The central idea to execute the data analysis process is “understanding”. When 
understanding the structure of data collection and analysis system, the insight should 
be on the ways how data collected can connect to and fulfill the research purpose 
defined earlier. In particular, when multi-method approaches are applied, the value of 
data can only be understood by combining the resulting information obtained from 
different methods together and comparing them with the previous descriptions on the 
focal problem and the larger system during data analysis process. (Friedmann & 
Zimring et al, 1978) 
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One recommendation to reach valuable information is to structure the analytical model 
from simple to complex format. This progress may help in upgrading the 
understanding on the data until they become legible to be worked with. In particular 
when multi-method approaches are applied, it will be increasingly important to 
understand the data from the simplest level to the more complicated levels. It is also 
useful to list important research issues and their major points in data collection and 
analysis process. On the other hand, in interviews or questionnaires, respondent’s 
reactions may be influenced by individual’s mood, weather, or health. This will 
decrease the reliability of results produced by the research if one neglects to 
distinguish whether their findings are likely to be true or to be only caused by 
accidence. (Friedmann & Zimring et al, 1978) Therefore, when statistical method is 
applied, it is very important to distinguish “Subjective” and “Objective” data gathered 
and to work with them respectively. 
 
Different from social science researches, Environment Design Evaluation attempts to 
describe (not control) the extraneous factors, exploring influence on behavior (not 
discover causes for behaviors), and using correlation model for examining complex 
systems (not use causal statistical model and reduce the number of factor).  In 
summary, it is interpretative. It is also characterized with its capacity to examine and 
analyze more complex systems. When a system with complexity is examined, 
evaluation attempts to explain the interrelationships in complexity, rather than simply 
reducing it. (Friedmann & Zimring et al, 1978) In order to achieve that goal, the 
methods that this model commonly uses for data-gathering are Direct Observation, 
Interview, Pencil-and-Paper Tests, Unobstrusive measure and Simulation. (Bechtel, 
1975) 
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• Direct Observation:  
A commonly used method is to directly observe people’s activities. Observations can 
be recorded in two methods; narrative observation or checklist. The narrative type 
allows for the recording of ongoing events in much the same fashion and sequence as 
they originally occur, or alternatively recording all the activities in a given space or by 
given people, which is particularly called as specimen record. In practice, field notes 
may be made to emphasize specific events at some times and to record all activities at 
others. Alternatively, a checklist contains various types of specifically designed items, 
and observations are to be made, based on the items identified. Event sampling and 
time sampling are two commonly used checklist types. Of the two techniques, a 
specimen record is regarded to be a more objective method of evaluation.  
• Interview: 
Interview is the most commonly used tool to obtain people’s direct reactions to the 
designed environment due to its adaptability of fitting different needs from different 
groups. It can be structured or unstructured. In a structured interview, the type and 
order of questions have been decided in advance. Alternately, the key words are noted 
down for each question, but the wording of the question is variable according to the 
interviews’ discretions. On the other hand, unstructured interview, when taking place 
in the course of normal conversation, is more natural. Thus, the interviewer may feel 
free to alter the interests of interviews according to his or her discretions, depending on 
the replies to they get. The drawbacks of this type of interview are that it is time-
consuming, and that the findings may be biased if the respondents misunderstand some 
of the questions decided in advance. 
• Pencil-and-Paper Tests: 
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Questionnaire is a commonly used method that involves written questions. It employs 
semantic differential to understand both explicit and connotative aspects of the 
environment. In general, open-ended and fixed-response types of questions are used 
together. The results of the fixed-response type of questions allow for relatively easy 
comparisons because it requires respondents to make choices on prearranged response 
formats that are usually a multipoint continuum between two labeled points. It may be 
of a greater use if the focal problem is very clearly addressed. However, it is important 
to make sure that the respondents understand the questions fully. In real cases, some of 
respondents may be not accustomed to working with the written questions. In addition, 
cognitive mapping is now used in areas such as wayfinding, assessments of people’s 
cognitions on different areas, and the effectiveness of signage systems. 
• Unobstrusive measure: 
The purpose of unobstrusive measure is to provide alternative information-gathering 
techniques, which does not influence the activities in the settings that will be measured. 
One technique is document review. It recommends searching for reliable documents in 
history for obtaining relative information for evaluation purpose. But the researcher 
should take care of possible changes across time or differences between settings. It 
also helps in giving insight into activities that occurred during earlier periods. The 
other technique is physical traces. This method is used much like the way that an 
archeologist does. People may leave various types of marks on their surroundings, 
which help the evaluator make logical decisions. Unobstrusive measures are 
independent of other observation and interview techniques, and they thus always serve 
as secondary and corroborative methods.  
• Simulation: 
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Simulations include computer graphics, videotape, photographs, verbal descriptions, 
drawings and models. The simulation method tries to establish typical representations 
of physical settings and to evoke people’s comments. It is much cheaper and is easily 
understood, in particular when the settings are remote or widely scattered. Simulation 
is said to be the most underused evaluation method. However, how to make the 
simulations as real as the environment that is being evaluated is a critical question that 
the evaluator needs to consider. 
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Appendix 6: The Age and Gender Diversity: 
The most important comparative parameters in this research are age and gender 
diversities. There have been a great number of studies carried out investigating the 
differences between younger and older people’s physical characteristics. (Laux, 1995) 
Along with the fast ageing population, taking into account this human resource trends 
(aging, slower-growing labor pool and increasing employee expectations) has become 
one of critical motivations in ergonomic design considerations. (Macleod, 1994)  
 
One of the fundamental principles that ergonomic researches believe in is “people are 
different”. (Macleod, 1994) It is noted that female individual generally has smaller 
physical dimensions than male individual; and so do children and the older persons 
than adults. For the purpose of design, Ergonomic Discipline categorizes people’s 
differences into age, gender, ethnic group, social class, as well as occupation diversity. 
All of these differences impact influences on people’s physical capabilities to interact 
with environment and any device within environment. (Pheasant, 1986)  
 
For instance, one comparative study based on the data from LaPlante in 1988 indicated 
that in American the loss of people’s hearing ability, visual ability and physical ability 
caused by arthritis and bursitis became very serious when they were 70 years old and 
above. (Figure 6.1) Another example is a experiment conducted to distinguish the 
difference of memorial and cognitive capacities between diverse age groups. The 
comparative figure indicates that within all the experiment conditions the older group 
has much longer mean reaction time than the younger group. (Figure 6.2) 
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Figure 6.1: United States prevalence of selected impairments within age groups. Data categories 
are not exclusive. (Based on data from LaPlante, 1988. Survey: National Health Interview Survey, 
1983-1985. Tabulations from public use tapes.) (Vanderheiden, 1997: 2017) 
Note: 1. Arthritis & Bursitis; 2. Back & Spine; 3. Other Physical Impairments; 4. Speech 
Impairments; 5. Visual Impairments; 6. Hearing Impairments; 7. Mental Retardation; 8. Diabetes. 
 
 
                             
 
Figure 6.2: Mean reaction times over practice blocks in a serial reaction time task for younger and 
older groups. The stimulus followed a repeating pattern for blocks 1 through 4, but this pattern 
was removed on block 5, resulting in a disruption of performance for both age groups, revealing 
that they had learned the pattern. (Data redrawn from those reported in Howard and Howard 
(1989) (Howard & Howard, 1997: 19). 
 
More experimental studies and results can be found on differences in anthropometric68 
data between samples of adults of various ages and genders. (Pheasant, 1987) It is 
                                                 
68
 Anthropometry is one of offset disciplines within Ergonomic Discipline. And it establishes a workable 
model, by which body’s movements can be measured and analyzed. This model assumes that the body 
may be divided into a (small) number of finite rigid linkages, which lengths and inertial properties are 
constant for any particular individual so that body’s movements can be described and calculated through 
measuring their length. (Pheasant, 1986) 
1 2 3 4 5 6 7 8
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clear from figure that, besides the differences in age and gender, the differences in 
ethnic groups (USA and Britain) are also apparent. (Figure 6.3) As a result, in terms of 
ergonomic design, one dimension that is beneficial to people of one area or country 
may not suit people of other countries, which might reversely cause great usability 
problems. It hence demonstrates the significance of assessing and modifying any 
designed dimension, based on local users’ characteristics. 
 
                                    
 
Figure 6.3: Average stature and weight in samples of adults of various ages respectively in USA 





   = men, USA; 
   = men, Britain; 
   = women, USA; 
   = women, Britain. 
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Appendix 7: The Content of Questionnaire and Its Design Process 
and Refinement: 
7.1 The Content of the Questionnaire (the First Draft) 
Questionnaire: 
Part I. Basic Information: 
 
1. Age:   □ 60-64;     □ 65-69;       □ 70-74;       □ 74 and above. 
2. Gender:      □ Male;      □ Female. 
3. Living arrangements: 
□  with spouse;    □ with children;     □   with other relatives;   □ with friends; 
□  live alone. 
4. Mobility Stature:  
□  ambulant (able to move around independently);  
□semi-ambulant (able to move around on walking aids or with others’ help). 
5. Health Conditions: 
A. Have you any pains on your: 
□ feet;    □ knuckle;    □ legs;     □ hands;     □ wrists;      □ arm;      □ back;     
□ chest;  □ none. 
B. I think the pain doesn’t impact me at all in my everyday life. 
Strongly Disagree                                                                         Strongly Agree 
    
 
Part II. Traveling Mode and Frequency: 
 
1. How often now do you go to places (for example, community center) where 
you can go by foot? 
□ 2-3  times every day;      □ one time day;         □ 2-3 times a week;   
□ one time a week. 
2. How often do you go to places (for example, shopping center) by bus? 
□  2-3 times every day;      □  one time every day;      □  2-3  times a week; 
□  one time a week;            □  one time a month. 
Please indicate the places in order of frequency:                                                         , 
                                                                                                                 . 
3. I find there are many places I would like to go but have not been able to. 
Strongly Disagree                                                                         Strongly Agree 
    
Please indicate reasons:                                                                                              , 
                                                                                                                  . 
4. I find there are many places I could not go as frequently as I would like to 
because of transport difficulties or personal problems? 
Strongly Disagree                                                                         Strongly Agree 
    
Please indicate reasons:                                                                                             , 
                                                                                                                    . 
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5. I think the decreased frequency is greatly caused by the  difficulties and 
inconvenient when I use bus service. 
Strongly Disagree                                                                         Strongly Agree 
    
Please indicate the main problems you have met before:                                       , 
                                                                                                                    . 
 
Part III. Bus Stop: 
 
1. I often stand near the post when waiting for a bus, because I’m worrying about 
being left behind and thus cannot board or find a seat after boarding. 
Strongly Disagree                                                                         Strongly Agree 
    
2. I cannot judge where the bus stops and it makes me feel very inconveniently. 
Strongly Disagree                                                                         Strongly Agree 
    
3. I find I need shelter when boarding or alighting buses. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate reasons:                                                                           , 
                                                                                                                . 
 
Part IV. Embarking and Disembarking: 
 
1. I often find that the gap between the bus and the kerb is too wide to stride for 
me. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate reasons:                                                                                , 
                                                                                                                      . 
2. I find big problems at the entrance and they make it difficult for me to board 
buses: 
A. I find the steps are too high for me. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                         , 
                                                                                                                     . 
B. I cannot use the handrails safely and comfortably. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                          , 
                                                                                                                       . 
3. I find it is very difficult for me to use the validators. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                          , 
                                                                                                                        . 
4. I find it is more difficult for me to disembark than embark: 
A. I won’t stand up until the bus stops because I’m afraid of stumbling on moving 
buses. 
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Strongly Disagree                                                                         Strongly Agree 
    
B. I find I have problems to press the stop button. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                           , 
                                                                                                                         . 
C. I find the handrails are unsafe because they are poorly places or too slippery. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate reasons:                                                                                 , 
                                                                                                                         . 
D. I find the handrails are uncomfortable because I need to modify my posture to 
take hold pf them. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                           , 
                                                                                                                        . 
If there is any other problem you net before, please also indicate:                             , 
                                                                                                                         . 
 
Part V. Handrails: 
 
1. I find the handrails greatly help me: 
A. I often use handrails to pull me to mount one step. 
 
Strongly Disagree                                                                         Strongly Agree 
    
B. I often use handrails to keep balance, and I think they are powerful support. 
Strongly Disagree                                                                         Strongly Agree 
    
2. I think the handrails are terrible: 
A. They are poorly placed and I often cannot hold them. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                         , 
                                                                                                                          . 
B. Their shape or diameter is not suitable for holding. 
Strongly Disagree                                                                         Strongly Agree 
    
If agree, please indicate the reasons:                                                                        , 
                                                                                                                         . 
C. I’ve been hurt before due to the handrails (horizontal or vertical). 
                        □   Yes;                                  □   No. 
If yes, please give a description:                                                                              , 
                                                                                                                         . 
3. In conclusion, I feel very unsatisfactory with current bus service. 
Strongly Disagree                                                                         Strongly Agree 
    
If you’ve met any other problems before, please indicate:                                    , 
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                                                                                                                     . 
 
7.2 The Development and Refinement of the Questionnaire: 
For the resulting information to be easily compared, questionnaire technique is 
selected to collect people’s direct appraisals on the use of handrails, steps and other 
devices at entrances and exits. This questionnaire belongs to Analytical Survey. This 
type of questionnaire is characterized by “less likely to ask ‘how many’ or ‘how often’ 
than ‘why’ and ‘what goes with what’”, and thus quality questions are of more 
significance than quantitative questions. (Oppenheim, 1992: 21) Analytical Survey 
allows for neglecting errors caused by overwhelming concentrations on one factor. 
(Oppenheim, 1992)  
 
This research is concerned with the values of physical attributes of settings and devices 
on improving the level of usefulness (cause-effect relationship). The influences of 
other factors, such as financial problems, social attitude and personal life style, are 
neglected 69 . When designing the format of the questionnaire, some professionals 
provided helpful suggestions.70 
 
                                                 
69
 In details, four variables interact with each other to formulate the central perceptions of an analytical 
survey: Experimental Variables, Dependent Variables, Controlled Variables and Uncontrolled Variables. 
Experimental Variables and Dependent Variables are one pair of parameters to interpret the “cause-
effect” relationships among data that questionnaire collects: Dependent Variables study the effects of 
Experimental Variables, and Experiment Variables provide explanations for Dependent Variables. 
Especially in a questionnaire that contains more than one Experimental Variable, the impact of each 
Variable should be systematically studied to ascertain the degree to which each one affects on the 
concerned phenomenon. Like Experiment Variables, Controlled Variables are also the influential factors 
on the Dependent Problems, but the extents to which they influence the results are not the central ideas 
and are consciously neglected.  Finally, in an analytical survey, the influences of Uncontrolled Variables 
can be overlooked, such as confounded variables and errors caused by putting overwhelming 
concentrations on one influential factor. (Oppenheim, 1992) 
70
 The interviewees include social workers (Teresa Tong, Vice President in TSAO foundation and Lui 
Yook Cing who is an experienced social worker providing care to the older persons) and professionals 
(Mr. Poon Joe Fai, Assistant Manager of Public Transport Development and Ms. Rahmah in Department 
of Architecture in Land Transport Authority). 
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Questionnaire is characterized by highly confined format that the sets (the answers and 
the question itself) of each question will be efficiently structured and every respondent 
is required to answer the same sets of questions. (Vaus, 1985) In its design, four 
aspects are considered; the number of samples, the principle of sample selection, the 
question design and the rating scales.  
1. The Design and Modification of Rating Scales: 
Rating scales indicate the different levels of difficulties, which can be philologically 
defined as “very”, “barely” or “a little”. It examined users’ perceptions of relative ease 
or difficulty when performing certain activities of daily lives in physical environment. 
With the perspectives of Human Factors Engineering, a rating scale with good quality 
should be based on intended user’s characteristics; it should be easy to those people 
who have received little training, and it should enable the manager to use it within a 
relatively short time frame. (Pitrella & Kappler, 1988) Considering the cognitive 
deteriorations along with ageing process, the applied rating scale should be 
straightforward and easily understood.71 
 
Usability Rating Scale72, which was developed with the perspective of Human Factors 
Engineering, is firstly carefully reviewed. It is one kind of two-step analytical model. 
In this model, seven rating scales are defined, represented by a sequence of numbers 
from “-3” to “+3”. (Figure 7.1) (Pitrella & Kappler, 1988) Although the numerical 
                                                 
71
 Along with people’s ageing process, peoples’ cognitive ability will gradually deteriorate. Confusion 
is one of common problems, and sometimes it causes misunderstandings on information or stimuli, and 
results in auditory and visual hallucination. (Philip Choo, 2001)  
72
 Usability Rating Scale requires the users to assess service system they receive according to prior 
experience, expectation, as well as individual’s functional capability. According to the Rating Scale, 
subjective evaluations are regarded as “a human factors problem”. It is clearly stated that the key 
feature of this scale is “presenting only a limited number of rating choices at a time” and “use of 
negative (difficult) and positive (easy) sides to reinforce the center point and the meaning of the two 
ends”. In walk-through evaluation approach, Usability Rating Scale is the recommended approach. For 
the whole spectrum of users, it is intuitionistic, logical, uncomplex but keeping appropriate sensitivity to 
the respondents. (Pitrella & Kappler, 1988) 
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description simplifies the rating scales, the differences among “seven-point” scales are 
still too complicated and may confuse older persons. Therefore, the ratings are 
simplified; “Moderate” rating is omitted in both steps to reinforce the meanings of two 
ends (negative and positive ends). The modified rating scale contains four ratings: 
Very Difficult, Barely Difficult, Barely Easy and Very Easy. (Figure 7.2) 
                    
 




























2. The Sample Scale Selected and The Question Design: 
There are two types of sample scales; small scale and large scale. This survey is 
conducted in small-scale.73 With limited time, the planning of a small-scale research is 
regarded as useful and an effective approach, associated with structured questionnaire, 
which particularly contains simple, specific and closed questions. In addition, design 
closed questions according to the purpose and content of the research job helps in 
reducing the error frequency caused by small sample sizes. (Gillham, 2000)  
 
The first draft of questionnaire attempts to detect usability problems by examining the 
following aspects: the changes of traveling modes and behaviors when one ages, and 
users’ direct assessments on the use of physical settings. Besides the profiles of 
respondents, the question design takes into account the knowledge obtained from the 
literatures reviewed on similar studies in social science in 1997, and the guide 
questions recommended by the author 74 , as well as direct observation. The 
recommended guide questions indicated a possibility of examining the degree of 
usefulness of bus service through investigating the use frequency and discovering the 
                                                 
73
 The rules of planning large-scale survey recommend even and random sample selection principle 
representing a large number of senior population, eg., selecting through phone numbers or mailing 
address. When applying a large-scale survey, one is required to privately touch each participant through 
phones or post mails. It is thus impractical to plan a large-scale survey within limited research 
candidature. 
74
 In social science study in 1997, the researcher presents the guide questions for the indepth interview, 
based on the resulting information obtained from her study: “(1) Do you try to minimize the distance 
traveled between your home and your destinations by going to the nearest locations for the various 
activities? For activities that you do not participate, if they were located nearby, would you participate in 
them? (2) Which places or locations do you go to for all the activities, except for trips to friends and 
relatives? Are these the locations which you most wanted to go? If not, why do you substitute the most-
preferred locations with others (eg. The place is too far, etc.) (3) Are there any places which you would 
like to go but have not been able to, or have not been able to do so as frequently as you would like? If 
yes, why? (eg. Transport difficulties, personally mobility problems or other reasons?) (4) What activities 
did you participate in the past 3-5 years, but not now? For those who have experienced a changes, why 
is it so (eg. Transport difficulties)? (5) If the transport system sere stripped of the difficulties you 
mentioned, would you participate certain activities (name a few) more or travel more? (eg. If the cost of 
transport were reduced, more elderly-friendly features added, etc.) (6) To what extent do you think 
Singapore’s transport system is accessible to the elderly? What improvements to the system do you 
think can be incorporated to enhance the mobility of the elderly?” (Lim, Su Fein, 1997: 123) 
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changes of traveling behaviors. In social science study, this method can generate 
objective data or information. Another focal point is to evaluate dimensions, shapes 
and other design elements of physical settings and devices for understanding the way 
how design details interact with the older passengers’ performances. Close questions 
are applied, and open questions are then followed to explore the causal factors.  
 
However, some limitations of this designed questionnaire are discovered in the pilot 
survey. One critical problem is that the questions designed can not be completed by 
some illiterate older passengers within limited time at bus stops. Although the rating 















Appendix 8: The Content of Question List in Interview: 
 
 
This question list was applied in Structured Interview, which included inquiring 
respondents’ appraisals on the bus service, the degree of difficulties when embarking 
and disembarking, as well as the use of steps and handrails. An immediate addressing 
of public bus service helps the respondents understand the content and goal of this 
research. And using open-ended questions followed closed ones is less likely to guide 
data collection towards “expected” answers. In addition, this open attitude indicates 








• The mode to use the bus stop: 
• Other characteristics: 
 
1. How do you evaluate the public bus service? 
Satisfactory or complaining? Easy or difficult? 
Why? 
 
2. Do you find it easy or difficult for you when going 
on and off the buses? Why? 
 
3. Do you find the step is easy or difficult for you to 
climb or descend? Why? 
 
4. Do you need to use the handrails very often when 
climbing and descending? How do you evaluate 
them?  
 
5. Do you have any other problems when using public 
bus service? If there are, what are they? 
 



















A: When the difficulties 
on steps and handrails 









Appendix 9: The Presentation of Statistical Tables of the 
Performance Times Recorded: 
*Gender: 1---Male; 2---Female; 
*Direct Access: 1---Yes; 0---No; 
*Bus Type: 1---Buses without Inside Step; 2---Buses with One Inside Step; 3---Buses 
with Two Inside Steps; 
*Group: 0---Do not use handrails; 1---Nothing in hand and use handrails; 2---need 
other types of assistances other than handrails, such as umbrella, crutch or friendly 
hands of passengers; 3---with shoulder bag and use handrails; 4---shopping bags in 
hand or luggage around arm and use handrails; 5---with bags or shoulder bag and not 
use handrail; 
*The Performance Times Recorded: A-B (B-A): From the kerb edge to the Road; B-C 
(C-B): From the road to the first step; A-C (C-A): From the kerb edge to the first step 
directly; C-D (D-C): From the first step to the second step; D-E (E-D): From the 
second step to the third step. 
The Performance Time Recorded (second) 
 
Age  Gender Directly  Group Type 
A-B(B-A) B-C(C-B) A-C(C-A) C-D(D-C) D-E(E-D) 
60 1 1 1 2   3.0 1.5  
57 2 1 3 3   0.75 0.5 0.75 
63 2 1 3 1   2.0   
63 1 1 4 3   1.25 1.0 1.25 
50 1 1 1 2   1.25 1.25  
55 2 1 1 1   1.25   
63 1 0 1 3 0.75 1.25 2.0 1.25 1.25 
74 2 1 3 1   2.0   
71 2 1 3 1   1.0   
73 2 1 3 1   2.0   
73 1 1 4 1   1.25   
71 2 1 1 2   1.25 1.0  
83 2 0 4 2 1.5 3.5 5.0 2.5  
73 2 0 4 3 1.5 2.0 3.5 1.0 1.5 
84 2 0 2 1 1.5 2.5 4.0   
77 2 0 3 2 1.5 1.75 3.25 1.5  
76 2 0 3 2 1.25 1.75 3.0 1.75  
 2 1 3 1   2   
 2 1 4 3   1 1.25 2.5 
 1 1 4 3   1.25 1.5 1.5 
 2 1 1 3   2.5 2.25 1.75 
 2 1 3 2   2.5 2.5  
 2 1 4 2   1.5 1.5  
 2 1 1 1   1.25   
 2 1 3 3   1.5 0.75 0.75 
 2 1 3 3   1.5 1.25 0.75 







 1 1 1 1   2   
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 1 1 1 2   2.5 2  
 1 1 1 3   1.75 1.5 1.75 
 1 1 4 3   2.0 2 1.25 
 1 1 3 1   2.0   
 1 1 1 2   1.25 1  
 1 0 3 3 0.75 1.0 1.75 1.0 1.0 
 
 2 0 1 2 1.0 1.25 2.25 1.25  
65 1 1 4 3   1.5 1.5 1.0 
50 2 1 4 3   1.0 1.0 0.75 
65 2 0 4 1 1.25 1.25 2.5   
55 2 0 4 3 1.25 1.25 2.5 1.0 1.5 
65 2 0 4 3 1.25 1.25 2.5 1.0 1.25 
62 2 0 4 3 1.25 1.25 2.5 1.5 0.75 
58 2 0 3 3 1.0 1.25 2.25 0.75 1.0 
72 1 1 4 3   2.0 1.0 1.5 
73 1 1 4 3   1.25 0.5 0.75 
75 2 1 1 2   1.5 1.0  
68 1 1 2 3   0.75 1.25 1.0 
72 1 0 4 3 1.5 1.5 3.0 1.5 1.25 
84 1 0 2 3 3.0 4.0 7.0 2.5 1.75 
70 1 0 4 3 0.75 1.0 1.75 0.75 1.0 
72 2 0 1 3 1.5 1.0 2.5 1.0 1.5 
70 2 0 3 3 1.25 1.75 3.0 0.75 1.0 
70 2 0 4 2 2.25 2.0 4.25 1.75  
 1 1 4 3   1.0 1.25 1.0 
 2 1 3 3   1.5 1.0 1.0 
 2 1 1 3   1.0 1.0 1.75 
 1 1 1 3   1.75 1.0 1.25 
 2 1 3 3   1.0 1.0 1.0 
 1 1 1 3   1.5 1.5 1.0 
 1 1 4 3   0.75 0.75 1.0 
 2 0 4 3 1.75 1.25 3.0 1. 5 2.0 
 2 0 4 3 1.5 1.5 3.0 1.5 1.0 
 2 0 2 3 2.5 1.5 4.0 1.5 1.0 
 2 0 4 2 1.5 1. 5 3.0 1.25  
 2 0 4 3 1.5 2.5 4.0 1.5 1.5 
 2 0 4 3 1.25 1.0 2.25 0.5 0.75 
 2 0 4 3 0.75 1.0 1.75 0.5 0.75 
 2 0 3 3 1.0 1.0 2.0 1.0 1.0 
 2 0 3 3 1.75 0.75 2.5 0.75 0.75 
 2 0 4 3 2.0 1.5 3.5 1.0 1.0 
 1 0 1 3 2.25 1.75 4.0 1.5 1.0 
 2 0 2 3 1.5 1.5 3.0 1.5 1.0 
 2 0 3 3 0.75 0.75 1.5 0.75 2.0 
 1 0 4 3 1.0 1.0 2.0 0.75 1.5 







 1 1 1 3   1.5 1.0 1.0 
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 1 1 1 3   1.75 1.0 1.25 
 1 1 1 3   1.0 0.75 0.75 
 1 0 3 3 0.75 0.75 1.5 0.75 1.25 
 2 0 4 2 5.5 3.5 9.0 2.0  
 
 1 0 4 3 1.25 1.25 2.5 0.5 0.75 
 1 0 4 3 1.0 0.75 2.75 1.0 1.25 
 1 0 4 1 1.5 1.5 3.0   
 
 2 0 4 3 1.25 1.25 2.5 1.5 1.0 
 
Table 9.1 (a): The Original Performance Times Recorded for Handrail Users. 
 
The Performance Time Recorded (second)  Gender Directly  Group Type 
A-B(B-A) B-C(C-B) A-C (C-A) C-D(D-C) D-E(E-D) 
2 1 5 3   0.75 0.75 0.5 
2 1 5 3   0.75 0.75 0.75 
2 1 5 3   0.75 0.75 1.0 
2 1 5 3   1.5 0.75 0.75 
2 1 5 3   1.0 0.75 0.75 
2 1 5 3   1.0 0.5 0.5 
2 1 5 3   0.75 0.5 0.75 
2  1 5 3   0.75 0.5 0.75 
2 1 5 3   1.0 0.5 0.5 
2 1 5 3   0.75  0.75 1.0 
2 1 5 3   0.75 0.5 0.75 
2 1 5 3   0.75 0.5 0.75 
2 1 5 3   1.0 0.5 0.5 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.75 0.5 
2 1 5 2   1.0 0.75  
2 1 5 3   0.75 0.5 0.75 
2 1 5 3   1.0 0.75 1.0 
2 1 5 3   0.5 0.5 0.75 
2 1 5 3   0.75 0.75 1.0 
2 1 5 3   0.75 0.5 0.75 
2 1 5 3   0.75 0.75 1.0 
1 1 0 2   1.25 0.75  
1 1 0 3   0.75 0.75 0.5 
2 1 5 3   0.75 0.5 0.75 
2 1 5 3   0.75 0.5 0.5 
2 1 5 3   0.75 0.5 0.75 
2 1 5 3   0.75 0.5 0.75 
2 1 0 3   0.75 0.75 0.75 







2 1 0 3   0.75 1 0.75 
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2 1 0 3   0.75 0.5 0.75 
2 1 0 3   0.75 1 0. 5 
1 1 5 3   1.0 0.75 0.75 
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.5 0.5 
1 1 5 3   0.75 0.5 0.75 
1 1 5 2   0.75 0.75  
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.75 0.5 
1 1 5 2   0.75 0.75  
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.25 0.5 
1 1 5 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   1.25 0.75 0.5 
1 1 0 3   0.75 0.75 0.5 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.75 0.75 
1 1 0 3   1.0 0.75 0.75 
1 1 0 3   1.0 0.5 0.5 
1 1 0 3   1.0 0.5 0.5 
1 1 0 3   1.0 0.5 0.5 
1 1 0 2   1.0 1.0  
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   1.0 0.5 0.5 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   1.0 0.5 0.5 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   0.75 0.75 1.0 
2 0 5 3 0.75 0.5 1.25 0.5 0.75 
1 0 5 3 0.75 0.5 1.25 0.75 0.75 
2 0 5 3 1.0 0.75 1.75 0.5 0.75 
2 0 5 3 1.0 1.75 2.75 0.5 0.75 
 
2 0 5 3 0.1 0.75 1.75 0.5 0.75 
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 2 0 5 3 0.75 0.75 1.5 0.75 0.75 
2 1 5 2   1.5 1.0  
2 1 5 2   2.0 1.5  
2 1 5 3   1 1.5 1.25 
2 1 5 2   1.5 1.5  
2 1 5 3   1.25 0.75 1 
2 1 5 3   1.75 1.5 1 
2 1 5 3   1.5 1.25 0.75 
2 1 5 3   1.75 0.75 1.25 
2 1 5 3   0.75 1 1.25 
2 1 5 3   1.5 2 1 
2 1 5 3   0.75 0.75 1 
2 1 5 3   1.25 0.5 1.25 
2 1 5 2   1 1  
2 1 5 2   1.5 1.5  
2 1 5 3   1.25 1 1.25 
2 1 0 2   1.25 0.75  
2 1 0 3   1  1.25 1 
2 1 0 2   1.25 1  
2 1 0 3   0.75 0.75 1.5 
2 1 0 3   1 1.5 1 
2 1 0 3   1.25 0.75 0.75 
1 1 5 3   1 0.75 0.75 
1 1 5 3   1.25 0.75 0.75 
1 1 5 3   1.75 1.25 1 
1 1 5 3   0.75 1 0.75 
1 1 5 2   1.5 1  
1 1 5 3   0.5 0.5 0.75 
1 1 5 3   0.75 0.5 0.75 
1 1 5 3   0.75 0.75 1.25 
1 1 0 2   1 1.25  
1 1 0 3   0.75 0.75 0.75 
1 1 0 3   1.25 0.5 0.75 
1 1 0 3   1 1.25 1.5 
1 1 0 3   0.75 0.5 0.75 
1 1 0 3   1.25 1.25 1 
1 1 0 2   1 1  
1 1 0 2   0.75 0.75  
1 1 0 3   1.5 1.25 0.75 
1 1 0 3   0.75 1.25 2 
1 1 0 3   1.75 0.5 0.75 







2 0 5 3 0.75 0.5 1.25 0.5 0.75 
 
Table 9.1 (b): The Original Performance Times Recorded for None Handrail Users. 
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 Group 1      
 0-0.99 s 1-1.99 s 2-2.99 s 3-3.99 s 4-4.99 s 
5 s & 
above 
  1.25 2.5 3   
  1.25 2    
  1.25 2.5    
  1.25     
  1.25     
  1.5     
  1.75     
  1.25     
  1.25     
  1.5     
  1     
  1     
  1.75     
  1.5     
  1.75     
  1.5     
  1.5     
  1.75     
  1     
Total 0 19 3 1 0 0 
       
 Group 2      
 0-0.99 s 1-1.99 s 2-2.99 s 3-3.99 s 4-4.99 s 
5 s & 
above 
 0.75 1.5 2.5  4  
  1.5     
Total 1 2 1 0 1 0 
       
 Group 3      
 0-0.99 s 1-1.99 s 2-2.99 s 3-3.99 s 4-4.99 s 
5 s & 
above 
 0.75 1.25 2 3.5   
 0.75 1 2 3.5   
 0.75 1.25 2    
 0.75 1.75 2    
 0.75 1.75 2    
 0.75 1 2.5    
  1.25 2    
  1.5 2    
  1.5 2    
  1.5 2    
  1 2.5    
  1.5     
  1     
  1.25     
  1.25     
  1.25     
  1.25     
  1.25     
  1.25     
  1.5     
  1     
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  1.75     
  1     
  1.5     
  1     
  1.25     
  1.5     
  1.5     
  1     
  1     
  1     
  1.5     
  1     
  1.25     
  1.5     
  1.25     
Total 6 36 11 2 0 0 
       
 Group 4      
 0-0.99 s 1-1.99 s 2-2.99 s 3-3.99 s 4-4.99 s 
5 s & 
above 
 0.75 1.25     
 0.75 1.25     
 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1.25     
 0.75 1     
 0.75 1.25     
 0.75 1     
 0.75 1.25     
 0.75 1     
 0.75 1.25     
 0.75 1     
 0.75 1.25     
 0.75 1     
 0.75 1.5     
 0.75 1.75     
 0.75      
 0.75      
 0.75      
 0.75      
 0.75      
Total 26 21 0 0 0 0 
       
 Group 5      
 0-0.99 s 1-1.99 s 2-2.99 s 3-3.99 s 4-4.99 s 
5 s & 
above 
 0.75 1.5 2    
 0.75 1     
 0.75 1     
 0.75 1     
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 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1     
 0.75 1.75     
 0.5 1.5     
 0.75 1     
 0.75 1.5     
 0.75 1.25     
 0.75 1.75     
 0.75 1.5     
 0.75 1.75     
 0.75 1.5     
 0.75 1.25     
 0.75 1     
 0.75 1.5     
 0.75 1.25     
 0.75 1     
 0.75 1.25     
 0.75 1.75     
 0.75 1.5     
 0.75 1.25     
 0.75      
 0.75      
 0.75      
 0.75      
 0.5      
 0.5      
 0.75      
 0.75      
 0.75      
 0.75      
 0.75      
 0.75      
 0.5      
 0.75      
 0.75      
 0.5      
Total 42 26 1 0 0 0 
 
 
Table 9.2: The Performance Times when Embarking the First Step from the Street Level or from 












of Mean Minimum 
Maximu
m 
Handrail Users 1.5331 83 .63411 .06960 .75 4.00 
None Handrail Users .9440 116 .31465 .02921 .50 2.00 
Total 1.1897 199 .55574 .03940 .50 4.00 
 








of Mean Minimum Maximum 
None Handrail Users 
Without Bags or Luggage .9255 47 .23840 .03477 .75 1.75 
Handrail Users Without 
Bags or Luggage 1.5761 23 .51365 .10710 1.00 3.00 
Handrail Users With 
Difficulties in Walking 2.0500 5 1.25499 .56125 .75 4.00 
Handrail users With Bags 
or Luggage 1.4682 55 .59717 .08052 .75 3.50 
None Handrail Users 
With Bags or Luggage .9565 69 .35860 .04317 .50 2.00 
In Total 1.1897 199 .55574 .03940 .50 4.00 
 
Table 9.4 (2): The Statistics of Data Samplings for Sub-groups in Handrail Users and None 
Handrail Users. 
  







Users 84 Male Group 2 
Indirect 
Disembarkation 4 
2  83 Female Group 3 Indirect Embarkation 3.5 
3   Female Group 3 
Indirect 
Disembarkation 3.5 
4  60 Male Group 1 Direct Embarkation 3 
5  84 Female Group 2 Indirect Embarkation 2.5 
6   Female Group 1 Direct Embarkation 2.5 
7   Male Group 1 Direct Embarkation 2.5 
8   Female Group 3 Direct Embarkation 2.5 
9   Female Group 3 
Indirect 
Disembarkation 2.5 
10  74 Female Group 3 Direct Embarkation 2 
11  73 Female Group 3 Direct Embarkation 2 
12  73 Female Group 3 Indirect Embarkation 2 
13  72 Male Group 3 
Direct 
Disembarkation 2 
14  70 Female Group 3 
Indirect 
Disembarkation 2 
15  63 Female Group 3 Direct Embarkation 2 
16   Female Group 3 Direct Embarkation 2 
17   Male Group 3 Direct Embarkation 2 
18   Male Group 3 Direct Embarkation 2 
19   Male Group 1 Direct Embarkation 2 
20 
None Handrail  








Female Passengers Embark 
Directly 
15 1.6000 .54116 .13973 
Male Passengers Embark 
Directly 
12 1.7500 .57406 .16572 
Female Passengers Disembark 
Directly 
5 1.2000 .27386 .12247 
Male Passengers Disembark 
Directly 11 1.3409 .42239 .12735 
Female Passengers Embark 
Indirectly 
6 3.5000 .93541 .38188 
Male Passengers Embark 
Indirectly 
2 1.8750 .17678 .12500 
Female Passengers Disembark 
Indirectly 22 3.0455 1.50324 .32049 
Male Passengers Disembark 
Indirectly 
10 3.0000 1.57674 .49861 
 









Female Passengers Embark 
Directly 21 1.2738 .34374 .07501 
Male Passengers Embark 
Directly 20 1.0625 .36160 .08086 
Female Passengers Disembark 
Directly 29 .8190 .17547 .03258 
Male Passengers Disembark 
Directly 39 .8269 .14228 .02278 
Female Passengers Embark 
Indirectly 1(a) 1.2500 .  
Male Passengers Embark 
Indirectly 0   . 
Female Passengers Disembark 
Indirectly 5 1.8000 .57009 .25495 
Male Passengers Disembark 
Indirectly 1(a) 1.2500 . . 
 
Table 9.5 (2): The Statistics of Data Samplings for each Sub-group in None Handrail Users. 
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Appendix 10: The Results from the Comparative Studies of the 
Mean Times: Running SPSS: 
Table 10.1 (a): The Mean Times in Passengers Using Handrails (without bags) and Passengers Not 
Using Handrails with Bags  
 












23 1.5761 .51365 .10710 0.6196 
  Passengers Not 
Using Handrails 
(With Bags) 
69 .9565 .35860 .04317  
(The Probability p=0.000; Levene Test for Equality of Variances: F=2.511, p=0.117, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Mean Times in Passengers Using Handrails (without bags) and 
Passengers Not Using Handrails with Bags 
 
  t-test for Equality of Means 






Interval of the 
Difference 









5.365 29.478 .000 .6196 .11548 .38356 .85557 
 
Table 10.1 (b): The MeanTimes in Passengers Using Handrails (with difficulty in walking) and 
Passengers Not Using Handrails with Bags  
 














5 2.0500 1.25499 .56125 1.0935 
  Passengers Not 
Using Handrails 
(With Bags) 
69 .9565 .35860 .04317  
(The Probability p=0.123; Levene Test for Equality of Variances: F=32.099, p=0.000, which is small, the 
data labeled “Equal variance not assumed” are read) 
 
Independent Samples Test: The Mean Times in Passengers Using Handrails (with difficulty in 
walking) and Passengers Not Using Handrails with Bags  
 
  t-test for Equality of Means 






Interval of the 
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Difference 









1.943 4.047 .123 1.0935 .56291 -.46220 2.64916 
 
  
Table 10.1 (c): The Mean Times in Passengers Using Handrails (with bags) and Passengers Not 
Using Handrails with Bags  
 













bags) 55 1.4682 .59717 .08052 0.5117 
  Passengers Not 
Using Handrails 
(With Bags) 
69 .9565 .35860 .04317  
(The Probability p=0.000; Levene Test for Equality of Variances: F=7.337, p=0.008, which is small, the 
data labeled “Equal variance not assumed” are read) 
 
Independent Samples Test: The Mean Times in Passengers Using Handrails (with bags) and 
Passengers Not Using Handrails with Bags 
 
  t-test for Equality of Means 






Interval of the 
Difference 









5.600 83.994 .000 .5117 .09136 .32997 .69335 
 
 
Table 10.2: The Mean Times for Handrail Users between Embarkation and Disembarkation as 
the Step Height is 190 mm. 
 












27 1.6667 .55035 .10591 0.3698 
  Handrail Users 
in 
Disembarkation 
16 1.2969 .37880 .09470  
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(The Probability p=0.023; Levene Test for Equality of Variances: F=2.975, p=0.092, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Means in Passengers Using Handrails (without bags) and 
Passengers Not Using Handrails with Bags 
 
  t-test for Equality of Means 






Interval of the 
Difference 









2.603 39.941 .013 .3698 .14208 .08263 .65695 
 
Table 10.3 (a): The Mean Times in Gender Groups for Passengers Using Handrail when 









Female 190 15 1.6000 .54116 .13973 -0.1500 
Male 190 12 1.7500 .57406 .16572  
(The Probability p=0.492; Levene Test for Equality of Variances: F=0.002, p=0.965, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Mean Times in Gender Groups for Passengers Using Handrail 
when Embarking Directly  
 
  t-test for Equality of Means 






Interval of the 
Difference 









-.692 23.048 .496 -.1500 .21676 -.59836 .29836 
 
Table 10.3 (b): The Mean Times in Gender Groups for Passengers Not Using Handrail when 









Female 190 21 1.2738 .34374 .07501 0.2113 
Male 190 20 1.0625 .36160 .08086  
(The Probability p=0.062; Levene Test for Equality of Variances: F=0.272, p=0.605, which is large, the 
data labeled “Equal variance assumed” are read) 
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Independent Samples Test: The Mean Times in Gender Groups for Passengers Not Using 
Handrail when Embarking Directly 
 
  t-test for Equality of Means 






Interval of the 
Difference 









1.916 38.609 .063 .2113 .11029 -.01185 .43447 
 
 
Table 10.3 (c): The Mean Times in Gender Groups for Passengers Using Handrail when 









Female 190 5 1.2000 .27386 .12247 -.0.1409 
Male 190 11 1.3409 .42239 .12735  
(The Probability p=0.509; Levene Test for Equality of Variances: F=1.574, p=0.230, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Mean Times in Gender Groups for Passengers Using Handrail 
when Disembarking Directly 
 
  t-test for Equality of Means 






Interval of the 
Difference 









-.797 11.806 .441 -.1409 .17669 -.52659 .24477 
 
 
Table 10.3 (d): The Mean Times in Gender Groups for Passengers Not Using Handrail when 









Female 190 29 .8190 .17547 .03258 -.0.0080 
Male 190 39 .8269 .14228 .02278  
(The Probability p=0.766; Levene Test for Equality of Variances: F=0.089, p=0.766, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Mean Times in Gender Groups for Passengers Not Using 
Handrail when Disembarking Directly 
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  t-test for Equality of Means 






Interval of the 
Difference 









-.200 52.776 .842 -.0080 .03976 -.08771 .07180 
 
  
Table 10.3 (e): The Mean Times in Gender Groups for Passengers Using Handrail when 









Female 360 22 3.0455 1.50324 .32049 0.0455 
Male 360 10 3.0000 1.57674 .49861  
(The Probability p=0.938; Levene Test for Equality of Variances: F=0.086, p=0.772, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Mean Times in Gender Groups for Passengers Using Handrail 
when Disembarking Indirectly  
 
  t-test for Equality of Means 








Interval of the 
Difference 









.077 16.748 .940 .0455 .59273 -1.20653 1.29744 
 
 
Table 10.4: The Mean Times in Passengers Using handrails and Interviewed in Different Age 
Groups (beyond and below 70 years) 
 







50-69 15 1.3500 .54116 .13973 -0.4921 
  70 and 
above 19 1.8421 .79587 .18258  
(The Probability p=0.049; Levene Test for Equality of Variances: F=1.718, p=0.199, which is large, the 
data labeled “Equal variance assumed” are read) 
 
Independent Samples Test: The Mean Times in Passengers Using handrails and Interviewed in 
Different Age Groups (beyond and below 70 years) 
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  t-test for Equality of Means 






Interval of the 
Difference 















Appendix 11: The Results for Survey: 
 
No. 1: 
• Age: 60 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems; 













• Age: 73 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Other characteristics: he has poor eyesight; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems; 








• Age: 62 years old; 
• Sex: female; 
• Mode of using bus stop: arriving; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems; 








• Age: 65 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: the steps on the old type of buses are very high, especially for the older 
person, or women carrying baby; 













• Age: 70 years old; 
• Sex: female; 
• Mode of using bus stop: arriving; 
• Question 1: no problems; 
• Question 2: the step is too high; 











• Age: 70 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: to use sensors is much more difficult than to use validator; the drivers 
are rude to the older persons; the step is too high. 









• Age: 72 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: to use sensor is much more difficult for him than to use validator; 
• Question 2: the steps are too high for him to mount; 











• Age: 60 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: the step is a little high for him; 








• Age: 84 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Other characteristics: he walks with crutches, and has very slow movement, but he 


















• Age: 73 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: sometimes the bus stop is too faraway from home (but she said the 
service was very good); 
• Question 2: no problems; 
• Question 3: no problems (the step isn’t too high); 
• Question 4: she mustn’t use handrails very often. 
No. 11: 
• Age: 62 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: it is more difficult for her to use the sensors than to use validator; 
• Question 2: the step is a little difficult for her to mount; 













• Age: 75 years; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she can’t not speak English and Chinese; 
• Question 1: the bus service is satisfactory; 
• Question 2: no answer because of language problems; 
• Question 3: no answer because of language problems; 









• Age: 72 years old; 
• Sex: female; 
• Mode of using bus stop: arriving; 
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• Question 1: it’s difficult to find a seat, especially when carrying bags; MRT station 
is faster than bus service; 
• Question 2: no problems; 
• Question 3: no problems; 















• Age: 84 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she cannot speak English and Chinese; 
• Question 1: to use sensor is not so convenient for her. 
• Question 2: no answer; 
• Question 3: no answer; 










• Age: 64 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she has rheumatoid arthritis; 
• Question 1: the older persons have slow movement; 
• Question 2: the step is too high; 
• Question 4: she must use handrails. 
• Figure: she has difficulties to mount merely one step at the edge 
of kerb. 
No. 16: 
• Age: 55 years old; 
• Sex: female; 
• Mode of using bus stop: arriving; 
 181
• Other characteristics: carrying many shopping bags; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems; 















• Age: 65 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: the drivers are rude to the older persons; the step is too high; the bus 
moves away when people still mount the second step; 








• Age: 72 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: the frequency of bus service on Saturday and Sunday is too lower; to 
use sensor is not so convenient (people always forget to test it before alighting); 
• Question 2: no problems; 
• Question 3: no problem; 














• Age: 68 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: the waiting time is too long; some buses don’t fix air-condition; 
sometimes the frequency is too lower. 
• Question 2: the driver is not kind; 
• Question 3: no problem; 







• Age: 83 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she travels by bus everyday; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems (the step is not high); 








• Age: 83 years old; 
• Sexes: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she cannot hear very clear, and wears hearings aids. 
No. 22: 
• Age: 74 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: no problem; 
• Question 2: no problem; 
• Question 3: the step is a little high; 










• Age: 73 years old; 
• Sexes: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she travels by bus everyday; 
• Question 1: no problem; 
• Question 2: no problem; 
• Question 3: no problem (the step is not high for her); 








• Age: 50 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: her legs have arthritis; 
• Question 1: She indicated satisfaction (no problem) towards the holistic bus service; 
• Question 2: There are two problems that she presented in the second stage: one is 
the step is too high, and the situation is aggravated by the terrible attitude from 
drivers; the second is waiting time is too long. 








• Age: 57 years old; 
• Sexes: female; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: some steps are too high (she was wearing high-heel shoe); 







• Age: 66 years old; 
• Sexes: male; 
• Mode of using bus stop: transferring; 
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• Question 1: a lot of problems, but refused to clarify, and don’t know the reasons. 
 
No. 27: 
• Age: 65 years old; 
• Sexes: male; 
• Mode of using bus stop; transferring; 
• Question 1: waiting time is too long; drivers are not kind to them; 
• Question 2: no problem; 
• Question 3: the step is too high; however, if the bus stops close to the kerb, the 
situation is not so serious; 









• Age: 73 years old; 
• Sexes: male; 
• Mode of using bus stop: transferring; 
• Question 1: waiting time is too long; 
• Question 2: no problem; 
• Question 3: the step (the old type) is too high; however, the serious situation will 
be alleviated if the bus stops close to the kerb; 
• Question 4: he must use the handrails. 
No. 29: 
• Age: 63 years old; 
• Sexes: female; 
• Mode of using bus stop: transferring; 
• Question 1: She presented one problem in the first stage: waiting time is a little 
long (not serious); 
• Question 2: no problem; 
• Question 3: She also thought the step of bus (the old type) is too high, but the new 
is good; 








• Age: 65 years old; 
• Sexes: male; 
• Mode of using bus stop: transferring; 
• Question 1: the bus runs a little slow; 
• Question 3: the step is a little high; 
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• Age: 71 years old; 
• Sexes: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: her hands were broken before one year; 
• Question 1: waiting time is too long; 
• Question 2: bad service: some drivers don’t wait for them when they board or 
alight; 
• Question 3: the step is too high; 








• Age: 77 years old; 
• Sex: male; 
• Mode of using bus stop: waiting for friends; 
• Question 1: the waiting time is too long; 
• Question 2: no problems (he always waits behind other younger people); 
• Question 3: the step is not high; 
• Question 4: he must use handrails. 
No. 33: 
• Age: 76 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: waiting time is too long; 
• Question 2: drivers start buses before the passengers are completely seated; 
• Question 3: the step is too high; 













• Age: 78 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: to access buses is a little difficult for her and she must watch her steps; 
• Question 3: the step is too high; 











• Age: 63 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Other characteristics: sometimes he suffers from pains on foot or leg; 
• Question 1: traveling fee is too high; 
• Question 2: no problems; 
• Question 3: the step is too high, especially when there is pain on foot or leg; 








• Age: 70 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems; 













• Age: 72 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: to use the sensors is not convenient; 
• Question 2: no problems; 
• Question 3: the step is not high for her; 









• Age: 77 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: waiting time is too long; 
• Question 2: no problems; 
• Question 3: the step is not too high; 













• Age: 75 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she once hurt spine before; 
• Question 1: sometimes the drivers stop the bus too faraway; there 
is no air-condition fixed on shelter; 
• Question 2: the step is too high for her; 
• Question 4: she must use the handrails. 
 
No. 40: 
• Age: 65 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she doesn’t use bus service very often; 
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• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: the step is a little high for her; 
• Question 4: she must use handrails. 
No. 41: 
• Age: 55 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: the step is not high; 








• Age: 58 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: the step is not high for her; 








• Age: 63 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: the step is not high for him; 








• Age: 73 years old; 
• Sex: male; 
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• Mode of using bus stop: transferring; 
• Other characteristics: she often uses bus service; 
• Question 1: no problems; 
• Question 2: no problems;  
• Question 3: he doesn’t think the step is high for him; 







• Age: 71 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she often travels by bus; 
• Question 1: the sensors don’t work well; 
• Question 2: no problems; 
• Question 3: the step is so high that she must moves slowly and carefully; 








• Age: 73 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Other characteristics: he suffers from pains in legs; 
• Question 1: waiting time is too long; 
• Question 2: the step is too high for him (especially the VOVOL type, referring to 
European standard); 







• Age: 72 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Other characteristics: he once fell on bus because the drivers started up before he 
was seated; 
• Question 1: the new ticket system-----sensor is not good because he always forgot; 
• Question 2: no problems (when he moves slowly and carefully); 
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• Question 3: the step is not high if he moves slowly (the older persons should take 
care of themselves); 












• Age: 73 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she once fell when she climbed the steps at the entrance; 
• Question 1: the sensors are not good because they are not so sensitive; 
• Question 2: no problems (when she moves slowly and carefully); 
• Question 3: the step is a little high; 













• Age: 50 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Other characteristics: he got poliomyelitis in childhood; 
• Question 1: no problems; 
• Question 2: the step is a little high for him; 








• Age: 73 years old; 
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• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: waiting time is too long; 
• Question 2: no problems; 
• Question 3: the step is a little high (old type); 








No. 51:  
• Age: 60 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: her legs are feeble; 
• Question 1: waiting time is too long; 
• Question 2: the step is too high, and the bus should be stopped close to the kerb; 







• Age: 55 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: her legs have pains; 
• Question 1: no problems; 
• Question 2: the step is too high so that she needs to use umbrella; 








• Age: 76 years old; 
• Sex: female; 
• Mode of using bus stop: transferring; 
• Other characteristics: she often uses public bus service; 
• Question 1: no problems; 
• Question 2: no problems; 
• Question 3: no problems, the step is not high for her; 
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• Age: 83 years old; 
• Sex: male; 
• Mode of using bus stop: transferring; 
• Question 1: sometimes the bus doesn’t stop; the elink card is not convenient; 
• Question 2: the step is too much high for him; 











*The Summary of Feedback on the Problems in Trips by Public Buses; 
 
The Design Considerations: 
• The step is too high (30); 
• The locations of bus stops are too far from home (1); 
• It’s difficult to find a seat (The number of seats are inadequate.) (1); 
• The MRT system is faster and more convenient to use than the bus service (1); 
• Some buses do not have air-conditions (1); 
• No air-condition at bus stop (1). 
The Service of Bus Drivers and Management: 
• The ticketing sensors are not sensitive and thus inconvenient compared to the 
validators (9); 
• The drivers treat the older persons much rudely (5); 
• The bus moves away when passengers are mounting the step (2); 
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• The frequency of bus service on Saturday and Sunday is too low (1); 
• The waiting time is too long (10); 
• Sometimes the bus runs very slowly (1); 
• The traveling fee is a little high (1); 
• The drivers stop the bus too faraway from the edge of the kerb (2). 
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Appendix 12: The Results of Measuring Two-Dimensional Postural 
Angles of Twenty-five Typical Postures: 
The Deg. Of Angle   Age Time 
Recorded 
in Second 
The Trunk  The Upper 
Arm 
The Thigh 
1 84 4 9° 43° 63° 
2 83 3.5 18° 44°  85°  
3  3.5 44° 18°  unavailable 
4 60 3 9° 45°  34°  
5 84 2.5 9° 33°  64°  
6  2.5 12.5° 78°  unavailable 






8  2.0 0° 17°  63°  
1 63 1.5 7° 42°  90°  
2  1.5 27° 34°  33°  
3 73 1.5 9° 24°  23°  
4  1.5 12.5° 46°  69°  
5  1.5 33° 75°  62.5°  
6  1.5 18° 52°  75°  
7  1.5 10.5° 75°  33°  
8  1.25 0° 55°  53°  








Appendix 13: Understandings on Ergonomic Risk for 
Musculoskeletal Disorder: 
                                
 
Figure 13.1: The Comparisons of the Static Positions with Different Hip Joint Flexions. (Position 
C is the most comfortable.) (Mandal) 
 
Firstly, anthropometrists compare diverse static sitting postures with different angles 
of hip joint flexion to address the most resting position of the hip joint. It has been 
found that if the trunk is straight up (180 degree) and the hip joint is bent (45 degree), 
where the muscles at the front and the back of the thigh in relaxed balance, thus the 
sitting would be ideal. This static position has a concave backward curve at the back. 
(Figure 13.1) However, as the trunk flexes, the muscles at the back are simultaneously 
stretched, and thus the relaxed balance of loads breaks. (Mandal, 2003) 
 
When people stand, the shape of lumber spine is not straight up. It must be curved to a 
comfortable angle to support the weight of body without damaging sacrum and pelvis. 
(Figure 13.2) To perform the action of sitting down, a standing person must firstly flex 
the knees and the trunk on the thighs. For normal people, the comfortable limit of hip 
joint flexion is about 60 degree, and therefore the pelvis usually rotates backward to 
30-degree anger to flex the trunk and to sit down. (Figure 13.3) (Pheasant, 1986) 
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Figure 13.2: The Normal Shape of Lumbar Spine in the Standing Position. (Pheasant, 1986) 
 
                                    
 
Figure 13.3: The Comfortable Limit of Hip Joint Flexion in the Sitting Position. (Pheasant, 1986) 
 
Furthermore, griping the handrails, which helps keep the body’s balance when moving, 
requires extreme wrist deviation, and correspondingly the usual reaction to raise the 
arm to decrease wrist stress, which increases the stress on the shoulder joint. But 
anthropometrists argued that if the angle of shoulder joint increase beyond 20 degrees, 
the load on shoulder leads to an increase in muscle fatigue. And if the angle exceeds 
30 degrees, the load leads to a rapid increase, which must cause discomfort to body. 
(DEA 325/651 Class Notes) Therefore, raising the arm up to 20 degrees should be 
ideal position, and the angle cannot exceed 30 degrees.  
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Appendix 14: The Anthropometry of 43 Chinese Women in 
Singapore in 2002.  







Standing height 143.8 160.7 153.1 5.03 143.9 153.2 160.5 
Standing eye height 131.3 151.5 142.9 5.29 131.7 143.6 151.2 
Midshoulder height 
(standing) 119.5 134.8 128.2 4.60 119.6 128.7 134.7 
Elbow height 
(standing) 88.6 101.0 95.4 3.22 88.8 96.7 100.8 
Standing overhead 
reach (fingertip) 170.0 197.0 185.3 7.68 170.4 186.2 196.9 
Standing forward 
reach (fingertip) 64.7 80.7 75.0 3.85 65.2 74.8 80.7 
Standing lateral reach 
(fingertip) 69.6 82.8 78.6 3.65 69.8 80.0 82.8 
Shoulder Breadth 35.4 45.2 39.3 2.28 35.5 39.0 44.9 
Sitting height 69.4 83.4 79.4 3.75 69.9 80.5 83.4 
Elbow rest height 11.6 28.0 21.7 3.83 12.2 23.1 27.7 
Thigh clearance 9.3 17.7 13.3 1.97 9.4 13.2 17.7 
Knee height 44.3 53.2 48.0 2.18 44.4 47.9 53.0 
Popliteal height 34.3 42.4 38.1 2.12 34.4 38.3 42.2 
Sitting overhead 
reach (fingertip) 101.6 123.8 113.5 6.14 101.6 114.1 123.6 
 
Table 14.1: Anthropometric Data of the Singapore-Chinese Female aged from 60-69 years old. 
 







Standing height 139.1 157.1 149.1 5.01 139.3 150.7 156.8 
Standing eye height 126.9 146.8 138.2 5.01 127.5 150.7 156.8 
Midshoulder height 
(standing) 116.8 132.1 124.4 4.13 117.1 125.0 131.8 
Elbow height 
(standing) 85.2 101.0 92.6 3.67 85.4 92.8 100.5 
Standing overhead 
reach (fingertip) 165.5 190.6 181.2 6.55 166.2 181.8 190.4 
Standing forward 
reach (fingertip) 67.0 80.5 74.6 3.22 67.3 75.1 80.1 
Standing lateral 
reach (fingertip) 70.8 82.7 77.2 2.84 71.1 77.7 82.3 
Shoulder Breadth 33.5 41.6 38.0 2.07 33.5 38.1 41.4 
Sitting height 72.7 82.7 77.1 2.90 72.7 77.7 82.6 
Elbow rest height 16.3 25.8 20.0 2.71 16.3 19.2 25.5 
Thigh clearance 9.2 14.9 12.3 1.45 9.2 12.6 14.8 
Knee height 43.9 50.5 47.1 1.78 44.0 46.7 50.4 
Popliteal height 35.1 40.6 38.0 1.69 35.2 37.9 40.6 
Sitting overhead 
reach (fingertip) 98.1 119.3 111.1 5.19 99.1 110.3 119.3 
 
Table 14.2: Anthropometric Data of the Singapore-Chinese Female aged from 70-79 years old.
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Appendix 15: The Descriptions of the Human Modeling Used in 
CATIA, and the Summary of the Manikin Anthropometry, Based on 
the Anthropometry of Korean Population.  
The computer-aided tool, CATIA, establishes its own definition format to create a 
population file for the use with Human Measurements Editor, according to which a 
manikin is built and modified before human task can be simulated and studied. The 
following table contains the information about the important anthropometric values 
used in the Human Measurements Editor, including the reference number, the terms 






Distance between the acromion landmark at the 
tip of the shoulder and radial landmark on the 
elbow. 
2 Axilla Height Vertical distance between the standing surface 
and the axillary fold at the anterior scye 
landmark on torso.  
3 Bimalleolar breadth Horizontal distance between the maximum 
protrusions of the ankle bones (medial and 
lateral malleoli) 
4 Bispinous breadth Distance between the right and left anterior 
superior iliac spine landmarks 
5 Chest breadth Maximum horizontal breadth of chest at the 
level of the bust point/thelion 
6 Chest height, standing Vertical distance between the standing surface 
and the bust point on women and the nipple on 
men 
7 Crotch height, 
standing 
Vertical distance between the standing surface 
and the crotch 
8 Hip breadth, standing Horizontal distance between the hips at the 
level of the lateral buttock landmarks 
9 Iliocristale height Vertical distance between the standing surface 
and the illiocristale landmark on the top of the 
right side of the pelvis 
10 Radiale-stylion length Distance between the radiale landmark on the 
elbow and the stylion landmark on the wrist 
11 Sleeve outseam Straight line distance between the acromion 
landmark on the tip of the shoulder and the 
stylion landmark on the wrist, measured with 
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the arm is straight at side and the palm facing 
forward 
12 Stature Vertical distance from a standing surface to the 
top of the head 
13 Tenth rib height Vertical distance between the standing surface 
and the tenth rib landmark at the bottom of the 
ribcage 
14 Waist breadth Horizontal breadth of the waist at the level of 
the center of the navel (omphalion) 
15 Waist height, 
omphalion 
Vertical distance between the standing surface 
and the center of the navel (omphalion) 
16 Weight The Weight 
 
Table 15.1: The Reference Numbers, the Terms, and the Definitions of Important Anthropometric 
Values Used in the Human Measurements Editors.  
 
 
Figure 15.1: The Drawings of explaining the Important Anthropometric Values Primarily Used in 















The use of CATIA for postural simulations includes understanding the process of 
creating the manikin for the population relative to the research purpose. In its digital 
library, CATIA provides the anthropometry for the population for five countries, 
among which Korea is the mere country in Asia involved. As addressed earlier, in 
Singapore, there was a lack of anthropometric data for local population aged 60 years 
and above, other than some data from a project measured on very limited sample 
numbers. (see Appendix 14) It was found that the data from measurements on limited 
sample numbers were too limited to create a new population file, which could be 
accessed into CATIA to create new manikins. Therefore, the database for human 
modeling used in this study was basically based on the anthropometry of female 
Korean manikin in digital library. (Table 15.2)  
Reference 
No.  
Terms Korean Female (50 
percentile) 




283.84 mm 313.012 mm 
2 Axilla Height 1180 mm 1155.127 mm 
3 Bimalleolar breadth 64.83 mm 64.135 mm 
4 Bispinous breadth 211.67 mm 196. 717 mm 
5 Chest breadth 274.7 mm 274.619 mm 
6 Chest height, 
standing 
1121.35 mm 1069.653 mm 
7 Crotch height, 
standing 
713 mm 725.812 mm 
8 Hip breadth, 
standing 
318 mm 312.843 mm 
9 Iliocristale height 874 mm 876.582 mm 
10 Radiale-stylion 
length 
220.25 mm 234.41 mm 
11 Sleeve outseam 502 mm 539.673 mm 
12 Stature 1580 mm 1532 mm 
13 Tenth rib height 975.77 mm 964.643 mm 
14 Waist breadth 248 mm 246.596 mm 
15 Waist height, 
omphalion 
910 mm 904.678 mm 
16 Weight 54.8 kg 53.9 kg 
 
Table 15.2: The Comparisons in the Values of Anthropometric Data for Korean Female 
Population for 50th percentile and for the Modified Manikin Used. . 
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The anthropometry of the modified manikin is also indicated in the above table. (Table 
15.2) By contrasts of the Singaporean anthropometry and Korean anthropometry, it 
was found that the basic descriptions of some anthropometrical data were different 
from one another. Since Singaporean measurements used different system of defining 
the body segments, merely those data with the same definitions in two systems were 
used to modify the anthropometrical data of the manikin. The values for the 
anthropometrical dimensions of the “Stature”, “Midshoulder height (standing)” and 
“Elbow height (standing)” were finally used. The “Acromion-radiale length” in 
CATIA system is equal to the difference value between “Midshoulder height 
(standing) 75 ” and “Elbow height (standing) 76 ” defined in the Pheasant’s type of 
dimension (1986). All the values of anthropometrical data can be edited by changing 
the figures within “value” and within “percentile” in the “Variable Edition” shown as 
follows. (Figure 15.2)  
                                                 
75
 Standing mid-shoulder height: Vertical distance from the floor to the mid-shoulder. The method is 
the same with the stature. (Pheasant, 1986) 
76
 Elbow height (standing): vertical distance from  the floor to the radiale. (the radiale is the bony 




                                   
Figure 15.2: The Variable Edition Shown on the Screen in the Application of CATIA. 
 
By lowering the manikin’s stature from 1580 mm to 1532 mm, it was found that the 
heights of each section of the manikin’s body correspondingly became shorter. 
Although some values of its anthropometrical data might be not very precise as what 
are measured out directly, the likelihood of this manikin representing the older female 
population in Singapore was relatively high. Done by this manikin, the simulation 
tasks provided more suitable adaptation measures for the bus design, in particular on 
step heights and handrails at the entrances and exits, for the use by the older 
passengers in Singapore, as well as others with mobility impairments.  
The Value for 
Anthropometrical 
Data 
The Percentile 
